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(54) MAGNETIC RECORDING MEDIUM AND MAGNETIC RECORDER/REPRODUCER 
COMPRISING THE SAME 



(57) A magnetic recording medium has a structure 
that specific monocyclic liquid o-ystal molecules, btcy- 
dic licMd crystal molecules or tricyclic liquid crystal mol- 
ecules are held on the outermost layer of the magnetic 
recording mediun as a lubricant A magnetic record- 
ing/reproducing apparatus incorporates a magnetic 
recording medium on which information is recorded and 
a magnetic head for recording and/a reproducing inbr- 
mation to and from the magnetic recording medium and 
having a structure that a minimum distance between a 
geometric average surface of the surface of the mag- 
netic recording medium and that of the magnetic head is 
50 nm or smaller, wherein the magnetic recording 
medium holds the specific liquid crystal molecules on 
the outermost layer tiiereof. The lubricant contains liq- 
uid crystal nrwiecules having characteristics between 
liquid and solid when e phase of the liquid crystal mole- 
cules has been changed from solid to liquid. Therefore, 
the lubricant is able to relieve kinetic energy Imparted 



from sliding by dint of phase change. Thus, tiie mag- 
netic recording medium and the magnetic record- 
ing/ireproductng apparatus incorporating the magnetic 
recording mecfium are able to simultaneously satisfy 
continuous sliding resistance, low viscosity and large 
meniscus force. 
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Oescilption 

Technical ReU 

5 [0001] The present invention relates to a magnetic recording mecGun) and a magnetic recording/ireproducing appara- 
tus using the magnetic recording medium, and more particularly to an improvement in a lubricant 

Background Art 

10 [0002] Magnetic recording mediums have widely been used as audio tapes, video tapes, backup data cartridges, 
floppy discs, hard discs and so forth. The magnetic recording mediums include so-called coating-type magnetic record- 
ing mediums each of which incorporates a magnetic layer formed by applying fine ferromagnetic powder and a binder 
to the surface of a non-magnetic support member and by drying the non-magnetic support member. Moreover, the 
magnetic recording mediums Include so-called thin metal type magnetic recording mediunre each of which incorporates 

15 a magnetic layer fonned by coating a non-magnetic support member with a ferromagnetic metal material by evaporation 
or the lika 

[0003] The magrietic recording medium has been required to have a flat and smooth magnetic layer in order to min- 
imize a spacing toss. When a dense recording operation is performed, a short reoorCBng wavelength nust be emptoyed. 
In this case, an influence of the roughness of the surface is easily exerted on the reoorcfing operation. Therefore, oorrtrol 

20 of the roughness of the surface is an important factor. 

[0004] If the magnetic layer has improved smoothness, actual contact areas with sliding members including magnetic 
heads and gukle rollers are enlarged. Therefore, magnetic recording mediums incorporating magnetic layers having 
excellent smoottiness encounter enlargement of coefficients of friction. Thus, agglutination (so-called adhesion) with a 
sliding member easily occur during tiBnsportation. Therefore, ttiere arises a problem of an unsatisfactory transportation 

25 characteristic and insufficient durability 

[0005] If the suriace of a magnetic layer of a magnetic tape and a guide pin of an 8-nun video deck have a great coef- 
ficient of friction, the magnetic tape encounters a stick slip. Thus, a so-called tape noise is produced, causing a scar of 
a reproduced image to occur. If the magnetic head quickly slides on the same position on the tape as m a pause state, 
a large coefficient of friction between the surface of tiie magnetic layer of the magnetic tape and the magnetic head 

so raises problems of wear of the magnetic layer and reduction in a reproduction output level caused from the wear of ttie 
magnetic layer. 

[0006] A magnetic recording/ireproducing apparatus of a type typified by a hard disc has a structure ttiat ttie magnetic 
head is in contact with the disc when tfie disc is stopped. When tiie disc is rotated at high speed when the apparatus 
has been turned on, the magnetic head floats on the surface of the disc. In the above-mentioned state, recording/irepro- 

35 duction is performed, that is, a floating type operation is performed. In the floating type structure, the magnetic head 
slides on the suriace of the disc from start of disc rotation when the apparatus has been turned on to floating of the mag- 
netic head and firom contact of the magnetic head with the disc to interruption of the rotation of the disc when the oper- 
ation is completed. Therefore, friction between the magnetic head and ttie disc raises a critical problem, causing wear 
and size reduction of tiie magnetic recording medium and tiie magnetic head to occur. If damage caused from wear 

40 reaches ttie magnetic layer, so-called head crash occurs with whnh information recorded on the magnetic layer is 
crashed. 

[0007] To orercome the above-mentioned problems, an attempt has been made to cause a lubricant to be included 
in the magnetic layer of tiie magnetic recording medium or to coat the surface of the magnetic layer so as to form a liAri- 
cant layer for ttie purpose of reducing ttie coefficient of friction. Anottier attempt has been made to coat the magnetic 
45 layer witti a protective layer made of oxide, cart^ide, nitride or ttie like. Moreover, the surface of ttie protective layer is 
coated witti a lubricant so as to form a lubricant film so as to improve wear resistance of the magnetic recording medium 
in order to prevent head aash. 

[0008] The lidsricant for use in the magnetic recording medium must have rigorous characteristics because of ttie pur- 
pose of using ttie lubricant. Therefae. the following characteristics are required. 

so 

(1) Excellent heat resistance and chemical stability. 

(2) Excellent low temperature characteristic witti which a predetermined lubricating effect can be obtained even if 
the lubricant is used in a cokJ region. 

(3) Considerably reduced ttiickness because a spacing from ttie magnetic head raises a problem and a satisfactory 
55 lubricating characteristic even if ttie ttiickness is reduced. 

(4) Long-term durability and continuation of ttie lubricating effect for long time. 

[0009] A variety of lubricants have been investigated to realize ttie above-mentioned characteristics. A main portion 
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of lubricants which have been used at present includes higher fatty acid, such as stearic add, its ester, pert luoroalkyi 
polyether corrpounds and fluorine lubricants, such as perfluoroalk]^ compounds. 

[001 0] Since the densit/ of magnetic recording/reproducing apparatus have rapidly been raised in recent years, the 
amount of floating of the magnetic head has been reduced considerably As a limit of the amount of floating, a method 
In which the magnetic head is always brought into contact with the surface of a magnetic recording medium, that is. a 
so^alled contact method has been suggested. 

[001 II When the amount of floating is reduced, time for which the magnetic head and the surface of the magnetic 
recording mecfium are brought Into contact with each other and slide relatively is inevitably elongated. Therefore, con- 
tinuous ending resistance of the lubricating film must be improved to reduce the dynamic coefficient of friction and pre- 
vent wear. 

[0012] Since reduction in the amount of floating causes the surtace roughness and waviness of the disc to be 
reduced, a great maximum static frictional force (hereinafter called "adhesion*) is easily produced between the mag- 
netic head and the disc. The adhesion causes inoperative disc and damage of tiie head to take placa Therefore, the 
viscosity of the lubricating film must be reduced. 

[0013] The contact method causes the head slider and the magnetic disc to always be in contact with each ottier. If 
vfcrations of some kind fin particular, external vibrations) cause ttie head sMer to float from tiie surface of the magnetic 
disc the head sikier again collides with the magnetic disc. In this case, head crash sometimes occurs. To prevent the 
above-mentioned phenomenoa meniscus force which is exerted between the lubricating film and the head dkf er must 
be used to adsoris the head sikfer to the surface of the magnetic disc. 

[00141 Therefore, when the short f toat method or the contact method is employed, the lubricating film must be consti- 
tuted by a lubricant enabTing continuous sliding resistance of the lubricating film, kiw viscosity and high meniscus force 
to be realized simultaneously. 

[0015] However, the continuous slWing resistance, low viscosity and high meniscus force are mutually contracfictory 
in general. Therefore, the conventional lubricant cannot simultaneously realize the foregoing requirements. 
[001 6] If the thickness of the liAricating layer is reduced to realize the continuos sikjing resistance, the low viscosity 
cannot easily be realized. If the thickness of the lubricating film is reduced to prevent adhesion, the continuous sikfing 
resistance Is reduced and the coating ratio is lowered. 

[0017] Perfluoropolyether polymer whk^h has been consklered to be employed because of excellent kMv surface 
energy. kPN viscosity, heat resistance and chemical stability has the following problems, 

[0018] The magnetic recordingA-eprodudng apparatus adapted to the short ffoat method or the contact method 
encounters abrasion of the surface of the head sIkJer when the head sikler (mainly made of an oxkfe type material such 
as AlsOaHlC) and the surface of the magnetic disa in this case, a fact is known that a very active new surface is 
exposed. Since ttie perfluoropolyether polymer can consklerably easily be decomposed by the active new surface, the 
continuous sikftng resistance is reduced. Thus, there arises a problem in that products of tiie decomposition adhere to 
the sifffaces of the magnetic head and the head sfider. 

[P019] Since the perfluoropolyether polymer is a fluorine compound, its surface has low surface energy and water 
repeilency when the perfluoropolyettier polymer is applied to the surface of the magnetic recording medium. That is. the 
meniscus force which is exerted between the surface of the lubricating film and the surface of the head sicler is 
reduced. In tiiis case, the very short floating type or contact type magnetic recorcfing/reproducing apparatus cannot 
cause ttie head slkJer to stably be disposed on ttie magnetic recording medium. As a result vibrations of ttie magnetic 
head or ttie like are easily produced. Thus, ttiere arises a problem of head crash or ttie like. 
[0020] As described above, ttie conventional lubricantahave limits for ttie continuous sliding resistance, low viscosity 
and large meniscus force which must simultaneously be realized. 

Disdosure of ttie Invention 

[0021] An object of ttie present invention is to provide a magnetic recording mecfium having a lubricant simultaneously 
realizing continuous sliding resistance, low viscosity and large meniscus fbrce and a magnetic recording/^eprodudng 
apparatus incorporating ttie magnetic recorcfing medium. 

[0022] Inventors of ttie present invention have energetically performed investigations. A lubricant which is hekj In ttie 
outennost layer of a magnetic recording medium s made of any one of a specific monocyclic liqukl crystal molecules. 
bicycSc lk|uki crystal molecules and tricydic liquid crystal mdecules. In ttie foregoing case, an excellent lubricating 
effect can be obtained because continuous sliding resistance, bw viscosity and large meniscus force can simultane- 
ously be realized. Thus, ttie present invention has been achieved. 

[0023] That is. a magnetic recoitling medium according to the present invention oonrprises a lubricant containing any 
one of monocydic IqukJ crystal molecules expressed by general fomiula (A) or (A*), bicydic Ik^ukj crystal molecules 
expressed by general fomfiula (B) or (B') or bicydic liqukj crystal molecules expressed by general fomtula (C) or (C") 
and tricydic lk]ukj crystal molecules expressed by general formula (D) or (D*). wherein ttie lubricant is hekf in an outer- 
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most layer thereof. 

L-X^-fl general formula (A) 

where is an atomic group having a cyclic structure and each of L and R is any one of a cyano group, a nftro gnnip. 
an aldehyde group, a hydroxy grouf^ an amino group, an amide group, an ether group, a cartxxiyl group, a cartxixyi 
group, an oxycartxixyl group, a halogen group, an alkyi group, an aryl group and a hydraxyimino groups or an aryl giDtp, 
an alkyI group, an axycartxixyi group, a cartxoyl group, a carbonyl groupt an ether groiqat an amide group or an amino 
group replaced by any one of the foregoing groups. 

general tbrnvta (A*) 

where Is an atonic group having a cyclic structure and L is any one of a cyano group, a nitro group, an aldehyde 
group, a hydroxy group, an amino group, an amide group, an ether group, a cart)onyl groups a cartxBcyl group, an oxy- 
cartxixyl group, a halogen group, an alkyI groip. an aryl group, a hydrdxyimino grotpL or an aryl groi^, an alkyI group, 
an oxycartxsxyl group, a cartxxyl group, a cartx)nyl group, an ether group, an amide group or an amino group replaced 
by any one of the foregoing groi^ps. 

L— X— general formula (B) 

where each of X and is an atonwc group having a cydic structure and L is anyone of a cyano group, a nitro grotp, 
an akiehyde gixxip. a hydroxy group, an amino group, an amcle group, an ether groip. a cartxxtyl group, a carboxyi 
group, an oxycarboxyl group, a halogen group, an alkyl group, an aryl group, a hydroxyimino grotp. or an aryl group, an 
alkyI group, an oxycartxayl group, a carboxyi group, a carbonyl group, an ether group, an anrvde grotp or an amino 
group replaced by any one of the foregoing groups. 

— L— X— Y^— R general fornmla (BO 

where each of X and Y^ is an atomic group having a cydic structure and each of L and R is any one of a cyano group, 
a nitro group, an akiehyde group, a hydroxy groupi an amino group, an amUe groups an ether group, a carbonyl group, 
a cartxoyl group, an OD(ycart)oxyl group, a hatogen group, an alkyl gproi^, a^ 

groi^ an alkyl group, an oxycartxsxyl group, a cartxscyl group, a cartxinyl group, an ether group, an amkf e group or an 
amino group replaced by any one of the foregoing groups. 



general formula (C) 



where X^ is an atomic group having a cydk: structure. Y^ is an atomic grotp having a cydic structure, and each of L 
and R is any one of a cyano group, a nitro grouR an akJehyde group, a hydroxy groip. an amino group, an anvde group, 
an ^er group, a cartx)nyt group, a cartxocyl groupt an oxycartxixyl group, a hatogen group, an alkyl groip, an aryl 
group, a hydrojqrimino group, a an aryl groupt an alkyl group, an oxycarboxyl group, a cartxixyt grotp, a cartx)nyl groip, 
an ether groi^x an amide group or an amino group replaced by any one of the foregoing groups. 




\ / 



-X^ — 



general formula (C) 



whew is an atomic group having a cyclic structure. is an atomic group having a cyclic structure, and L Is any one 
of a qnno grour^ a nitro grouix an aldehyde group, a hydroxy group, an amino groups an amide gro^ 
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a cait)onyl gro^D. a cartxay! group, an axycart)oxyl group, a halogen groups an alkyl group, an aryl group, a hydroxy- 
imino group, or an aryl group, an alkyl group, an oxycarboxyt groi^, a cartxixyl group, a cartx>nyt group, an ether group, 
an amide group or an anrtino group replaced by any one of the fore going groups. 

Y^-X^— general f6nnu!a(CT 

where X® is an atomic group having a cydic structure and each of and is an atomic groip having a cyclic struc- 
tura 

L-W-X^— y5 general formula (D) 

where each of W. X* and Y® is an atomic group having a cydic staicture and L is any one of a cyano group, a nitro 
group, an aldehyde group, a hydroxy group, an amino groip, an amide group, an ether group, a cartDonyl group, a car- 
boxyl group, an oxycaitxixyl group, a halogen group, an alkyl group, an aryl groip. a hydroxyimino groups a an aryl 
group, an alkyl group, an oxycaitxayl group, a cartxoyl group, a caibonyl groip, an ether group, an amide group or an 
amino groip replaced by any one of the foregoing groups. 

L-W-X*— Y«— R general 1brnfiila(D') 

where each of W. X^ and is an atomic group having a cydic structure and each ofLandRisanyoneofa cyano 
group, a nitro group, an akiehyde group, a hydroxy grouft an amino groip, an amide groups an ether group; a cartwnyl 
groiffi, a carbcxyl group, an oxycarfooxyl groupi a hatogen group, an alkyl group, an aryl group, a hydroxyimino group, 
or an aryl group, an alkyl group, an oxycarboxyl group, a carbcxyl group, a carbonyl group, an ether group, an amUe 
group or an amino group replaced k>y any one of the foregoing groups. 

[0024] The above-mentioned lubricant may be applied to the suifece of the magnetic layer or contained in the mag- 
netic layer. 

[0025] If the magnetic layer is a thin metal-magnetic-f flm and the protective film is formed on the thin metal-magnetic- 
film, the lubricant may be applied to the surface of the protective film. 

[0026] If a back coat layer is formed on the surface of the non-magnetic support member opposfte to the surfece on 
which the magnetic layer is formed, the lubricant may be applied to the surface of the backcoat layer or contained in the 
backcoat layer. If a non-magnetic layer is fbnned between the non-magnetic support member and the magnetic layer, 
the lubricant m^ t>e contained in the non-magnetic layer. 

[0027] The magnetfc recording/reprodudng apparatus according to the present inventfon conprises a magnetic 
reoofdirig medium for recording information and a magnetic head for recording and/or reprodudng information on the 
nwgnetic recorcfing medium, wherein a minimum distance between a geometric average surface of the magnetic 
reoo fdmg m edium and that of the magnetk; head is 50 nm or smaller, the magnetfo recording medium conprises a lubri- 
cant containing any one of monocycfic lk)uU crystal molecules expressed by general fomiute (A) a (A*), bicydic liquM 
crystal molecules expressed by general formula (B) or (B*) or bicydic liquxj crystal molecules expressed by general for- 
mula (C) or (C") and tricydic fiquid crystal molecules expressed by general formula (D) or (D*), wherein the lubricant is 
heU in an outermost layer thereof. 

[0028] The lubricant fbr use in the present invention contains liqukl crystal nmlecules having a characteristic between 
liqukj and sdki when phase transitfon from soPid to liquid occurs. Therefore, the lubricant according to the present 
inventfon is able to relieve kinetic energy imparted from slkfing by phase transition. 

[0029] The lubricant containing the liqukJ crystal molecules is a low viscous material because the lubricant having the 
characteristic of solkj exists when sHding energy is small (or no friction occuis). H Ming energy is inparted because of 
colllsfon. trarsition of the phase of the lubricant takes place. Thus, the lubrkant has the characteristics of liquid so that 
the lubricant is moved to the magnetic head and generates meniscus fbrce. As described above, the phase of the lubri- 
cant containing liqidd crystal molecules according to the present invention is changed by friction energy obtained from 
sliding so as to be liquid. Therefore, both of the low viscosity and large meniscus force can be realized. 
[0030] Each of Gqukj crystal molecules has nematic phase or snriectic phase when its temperature is not lower than 
room temperature (20*C). The major axes of Kquid crystal mdecules in the nematic phase/smectic phase are easily 
aligned perpendiculariy to the surface of the substrate. Therefore, a thick f flm is fonned on the substrate. Hence, excel- 
lent durability can be realized even if sfiding is r^eated and the molecules of the lubricant are gradually wom. On the 
other hand, the maja axes of liquid crystal molecules in the cholesteric phase are easily aligned in parallel to the sur- 
face of the substrata Therefore, when sIMing is repeated and thus the molecules of the lubricant are gradually worn, 
the molecules of the lubricant are easily wom (separated). Thus, ft can be consMered that satisfactory durability cannot 
be obtained. 

[0031] Since liqukj crystal molecules in the nematfc phase/^mectic phase are oriented in a predetermined direction. 
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high local viscosity Is expected. On the other hand, liquid crystal in the cholesteric phase forms a layer such that its ori- 
ented surface is twisted Therefore, forces among molecules are averaged. Thus, high local viscosity obtainatsle from 
orientation cannot be obtained. As a resuH. the foregoing liquid crystal is disadvantageous to relieve friction energy 
caused from sfiding. 

10032] As described above, the lubricant for use in the present invention is able to relieve kinetic energy imparted from 
slicfing by phase fransition thereof. Since the phase is dianged to liquid, all of lubricating characteristics including con- 
tinuous sOding resistance, low viscosity and large menfecus force can simultaneously be satisfied. 
[00331 The magnetic reooofing medium and the magnetic recording/reproducing apparatus according to the present 
invention incorporates the above-mentfoned lubricating layer in the outermost layer thereof. Excellent lubricating per- 
fomiance can be maintained in a variety of conditions for use. Moreover, the lubricating effect can be continued lor long 
time, thus causing excellent fransportation crfiaracteristic. wear resistance and durability to be obtained. 
[0034] Moreover, the lubricant for use in the present invention can be applied with hydrocarbon solvent, such as tol- 
uene or acetone, as compared with the conventional fluorine lubricant which can be applied only with fluorine solvent 
Load which is exerted to the environment can be reduced. 



Best Mode for Carrying Out the Invention 



[0035] A magnetic recording medium according to the present invention will now be descrtoed. 
[0036] The magnetic recording medium according to tiie present invention is characterized in that at least a magnetic 
layer is formed on a non-magnetic support member thereof and a lubricant containing liquid crystal molecules is held 
in ttie outermost layer thereof. 

[0037] A liquid crystal molecule which can be used as tfie lubricant is exen^plified by a monocyclic liquid crystal mol- 
ecule expressed by general formula (A) or (A*). 

X^-fl general fbrmula (A) 

where is an atomic group having a cyclic structure and each of L and R is any 0^^ 

an aldehyde group, a hydroxy group, an amino group, an amide group, an etfier groip, a carbonyl group, a cartxwyl 
group, an oxycarboxyl group, a halogen group, an alkyi group, an aryl group and a hydroxyimino groups or an aryl gnwp. 
an alkyI grofl), an oxycarbaxyl group, a cartwxyl group, a carbonyl groupi an ether groups an amide group or an antino 
group replaced by any one of the fwegoing groups. 

general formula (A*) 

where is an atomic group having a cyclic structure and L is any one of a cyano group, a nitro groupi an aldehyde 
groups a hydroxy group, an amino group, an amide group, an ether groip. a carbonyl group, a cartxixyl group, an oxy- 
carboxyl groi^. a hafogen group, an all^group. an aryl groip. a hydroxyimino group, or an aryl grotp, an alkyI group, 
an oxycaiboxyt group, a carboxyl group, a carbonyl group, an ether group, an amkJe grDt4> or an amino grou) replaoed 
by any one of the foregoing groups. 

[0038] In general fbrmula (A), it is preferable ttiat the atorrtc group indicated t>y is selected from cyclic sfructures 
expressed by general fonnulas pc^-l) to (X^-18). 




• . . general formula (X^*l) 



where each of a^ and a^ is a carton atom or a nifrogen atom and tiie bond constituting the ring is a single bond or a 
double bond. 
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10 



15 



• . . general fonnula (X^^2) 



where each of a® and a* Is a caxbon atom, a nitrogen atom or an oxygen atom and the bond constituting the ring is a 
single bond or a double bond. 




. . . general formula (X^-3) 

25 where a® is hydrogen or a methyl group, a^ is hydrogen, a methyl group or a cyano group, each of a^ and a^ is an oxy- 
gen atom or a carbon atom, a^ is an oxygen atom a the same may be omitted and a bond constituting the ring is a 



single bond or a double bond. 



30 




general formula (X^-4) 



40 




general formula (X^-S) 



60 




general formula (X^-6) 
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ge neral formula 



(X^.7) 




. . • general formula (X^-8) 



where each of ° and Ms an oxygen atom or a sulfur atom. 




where each of a^^ and a^^ is an oxygen atom or a sulfur atom. 

>14 




. . general formula (X^-9) 



• • • general formula (X^-10) 



where each of a^^ a^^ a^^ and a^^ is an oxygen atom or a sulfur atom. 
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lis 



. general formula (X^-1 1) 



any one of a hydrogen group, a bromine group, a methyl group, an amino group and an alkylamino group. 

o 




• • general formula (X -12) 



. • • general formula (X^-13) 




• . • general formula (X^-14) 




• . general formula (X^-IS) 
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. general formula (X^ -16) 




. general formula 7) 




. . general formula (X^-18) 



[0039] It is preferable that the atomic group included in general faimda {A) and expressed by is selected from 
cydic structures expressed by general formulas or 




. . . general formula (X^-1) 



10 
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. • . general formula 



IS [0040] The liquid crystal molecule which can be employed as the lubricant may be a btcydic liquid crystal molecule 
expressed by general fbrmula (B) or (B*). 

L— X— general formula (B) 

20 where each of X and is an atomic group having a cydic structure and Lis any one of a cyano group, a nitro group 
an aldehyde group, a hydroxy group, an amino groups an amide group, an ether ^oip. a cartx)nyl group, a carixocy! 
group, an oxycarboxyt group, a halogen group, an alkyi groip, an aryl group, a hydroxyimino groyp, or an aryl group, an 
allcyl group, an oxycarboxyl group, a carboxyl group, a carbonyl group, an ether group, an amide group or an arrano 
group replaced by any one of the foregoing groups. 

25 

— L— X— y2— R general formula (B*) 

where each of X and Y^ is an atomic group having a cydic structure and each of L and R is any one of a cyano group, 
a nitro group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a cartx>nyl group, 
so a carbcDcyt group, an oxycarboxyl group, a halogen group, an alkyI group, an aryl group, a hydroxyimino group, or an aryl 
group, an alkyI group, an oxycaitxsxyl group, a cartxxxyl group, a carbonyl group, an ether group, an amide group or an 
anrtino groif) replaced by any one of the foregoing groups. 

[00411 It is preferable that the atomic group induded in the liquid crystal mdecule expressed by general formula (B) 
or (B") and represented by X is a six-membered ring structure expressed by the fdlowing general formula (X-1) or a con- 
ss densed ring structure expressed by the foltawing general fbnmila (X-2). 



40 




• • • general formula (X*l) 



45 Where a^ is a carbon atom or a nitrogen atom, each Of a^a^, a* and a® is a carbon atom a an 0^ 
bond constitutvig the ring is a single bond or a double bond. 




. « . general formula (X*2) 



where a^ is a cartx)n atom or an oxygen atom and a^ is a CBSbon atom or a nitrogen atom. 
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[0042] rt is preferable that the atomic group induded in the liquid crystal molecule expressed by general formula (B) 
and expressed by is selected from cyclic structures expressed by the following general formulas (Y-1) to (Y-6). 



5 




• • . general formula (Y-1) 



10 



• « . general formula (Y-2) 



• general formula (Y*3) 



. general formula (Y-4) 

■ o 

^ ' general formula (Y-5) 

40 

where a® Is any one of 0. S. SO and SO2. 



45 




... general formula (Y-6) 



50 

[0043] It is preferable that the atomic group included in the liquid aystal molecule expressed by general formula (B*) 
and expressed by is selectedlrom cycGc structures expressed by general formulas (Y-7) to (Y-31). 
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a 



11 ^12 



... general formula (Y-7) 



la where each of a^^ a^^ and a^^ is a carbon atom or a nitrogen atom and N oxide may be formed in a case of the 
nitrogen atom. 



15 



20 




... general formula (Y-8) 

where arbitrary two atoms which are included in a^^ a^^ a^^ and a^^ and which are not acijacent to each other may be 
replaced by oxygen or sulfur atoms. 



25 



90 



35 



40 



general formula (Y-9) 



where at least either of a^^ or a^^ is replaced by a nitrogen atom. 




...general formula (Y-10) 



45 




general formula (Y-1 1) 



50 



a» ^ 



55 



general formula (Y-I2) 



where each of a^^ a^" and a^^ is a caitwn atom or an Q3eygen atom. 
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\ ^24 



general formula (Y-13) 



10 where each of a^. and a^^ is a cartxm atom or an oxygen atom. 



15 



20 



25 



30 




general formula (Y*14) 



where each of a25. a26 and a27 is a cartm atom, a nitrogen atom or an oxygen atom and the bond constituting the 
ring is a single lx)nd or a doutjie bond. 




... general formula (Y-15) 



where a^^ is any oneof a carbon atom, a nitrogen atom and a sulfur atom and each of a^^ and a^ is a carbon atom 
a nitrogen atom. 



40 



45 



so 



65 



14 
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general formula (Y-16) 



IS 




...general formula (Y-17) 



20 




... general formula (Y*18) 



30 



40 




... general formula (Y*19) 



45 




.. general formula (Y-20) 



50 Where each of a^^ and ie an oxygen atom or a sulfur atom. 



55 
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-21) 



25 



30 



35 



40 



45 



SO 
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O ... general formula (Y-23) 



general formula (Y-24) 




N — N _ general formula ( Y-25) 



N — N _ general formula (Y-26) 




general formula (Y-27) 




N ... general formula (Y-28) 
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... general formula (Y-29) 



10 



IS 




... general formula (Y-30) 



20 



25 



30 




general formula (Y-31) 



[0044] The liquid crystal molecule which can be used as the lubricant may be a bicydic liquid crystal molecule 
expressed by any one of general formulas (C) to (C") 



40 



4S 



general formula (C) 



where is an atomic group having a chain structure. Y*" ts an atomic group having a cyclic structure and each of L and 
R is any one of a cyano group, a nitre group, an aldehyde group, a hydroxy group, an amino grotp. an amide group, an 
ether group, a cart)onyl group, a carboxyl group, an oxycariDoxyt group, a halogen group, an alkyl groL9>, an aryl group 
and a hydroxyimino group, or an aryl group, an alkyl group, an oxycartx>xy1 group, a caitoxyl groups a carbonyl group, 
an ether group, an amide group or an amino group replaced by any one of the foregoing groups. 



so 



ss 




... general formula (C) 

where is an atomic group having a chain structure. is an atomic group having a cyclic structure and L is any one 
of a cyano group, a nitro group, an aldehyde group, a hydroxy group an amino group, an amide group, an ether group, 
a carbonyl group, a caiboocyt group, an oxycartxixyl group, a halogen group, an alkyl group, an aryl group and a hydrox- 
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yimino group, or an aryl group, an afkyi group, an oxycarboxyl group, a cartx>xyl group, a cartx)nyj group, an ether group, 
an amide group or an amino group replaced by any one of the foregoing groups. 

y3— x3— general formula (d 

where is an atomic group having a chain structure and each of and is an atomic group having a cyclic struc- 
tura 

[0045] The atomic group included In the liquid crystal molecule expressed by any one of general formulas (C) to (CT 
and expressed by crosslinks cycfic structures disposed on the two sides thereof and it is preferable that it is selected 
from chain structures expressed by any one of the following general formulas (X^-1) to (X^-23). 



where nisi or 2. 



where n is 1 or 2. 



where nisi or 2. 




wherenlsO, 1.2or3. 
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< 



a* — ..,(X^-5) 



where isOorSanda^isanyoneof O, S,CH2. Se,TeandNH. 




(X^-6) 



N— N 



/ 



(x3-7) 





— N 



a' ... (X^-S) 



where is H or CH3 and a* is H or CH3. 



-N 



(X^-9) 
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N ... (X-^-10) 




45 Where is any one of CH2. 0. 0-0. S-S and NH-NH. 



so 
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where is an alkyi group. 



-N 
H 



K 



..(X^-20) 



(X^-21) 




... (X^-22) 



(X^.23) 



[0046] It is preferable that the atornc group included in general fonmila (C) and e)q3ressed by is selected from 
cycGc structures es^ressed by the following general fonmlas (Y^-1) to (Y^-32). 




a a9 




.-.(Y^-l) 



where each of a^ a^ a^^ and a^ ^ is a carbon atom or a nitrogen atom. 
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5 




10 where erther of bonds constituting the ring may be a double bond. 



75 



20 




30 



35 



40 



45 



60 
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10 



15 




...(y1-6) 



20 



25 



30 




35 




40 Where a^^ is an oxygen atom or a sulfur atom and a^^ and a^^ are a caitxHi atom and a nitrogen atom, respectively. 



45 



60 



SS 





\ // 



...(Y^-9) 
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5 



10 



IS 



20 



25 



SO 



3S 



40 




SO 
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55 
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where the bond constituting the ring is a single bond or a double bond. 



EP0927992A1 



5 



10 



15 




Where a^^ is a methyl group or a cyano group. 



25 



30 



35 




40 



45 



SO 
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(Y^-27) 



(Y^-28) 




.(Y^-29) 




(Y*-30) 



iere a^^ is any one of H, Br, CH3. NH2, NHR and NRR" and each of R and R* is an orgartic fur^^^ 



20 




\ /r\ / 



•..(Y^.31) 



where is an oxygen atom or a sutfur atom. 




15 [0047] ft is preferable that the atomic group included in general formula (C*) and expressed by is selected from 
cyclic structures expressed by any one of the following general fbmiulas (Y^-1) to (Y^-3). 



20 



2S 



30 



35 



40 




[0048] The atomic group included in general famula (C**) and expressed by or is selected from cyclic structures 
expressed by any one of the following general formulas (Y^-l) to (Y^^-a). 

so 



ss 
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..(Y^^-l) 



10 



IS 



20 



25 




(y34.2) 




[0049] T>i6 liquid crystal molecule which can be used as the lubricant may be a bicydic liquid crystal molecule 
30 expressed by general formula (D) or (Dy 

L~W— X*-~y5 general formula (D) 

where each of W. X* and Is an atomic group having a cyclic structure and L is any one of a cyano group, a nitro 
ss group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a cartx)nyl group, a car- 
boxyl group, an oxycarboxyl group, a halogen groupi an alM group, an aryl group and a hydroxyimino group, or an aryl 
group, an alkyi group, an oxycartxixyl groip. a carboxyl group, a carbonyl group, an ether group, an amide group or an 
amino group replaced by any one of the foregoing groups. 

40 L--W-^— R general fbrnrtutaCD*) 

where each of W. and is an atomic group having a cyclic structure and each of L and R is any one of a cyano 
group, a nftro group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a carbonyl 
group, a carboxyl group, an axycaitx»yl group, a halogen group, an alkyI group, an aryl group and a hydroxyimino 
45 group, or an aryl group, an alkyI group, an oxycarboxyl group; a carboxyl group, a carbonyl group, an ether group, an 
amide grotp or an amino group replaced by any one of the foregoing groups. 

[0050] It is preferable that the atomic group included in general formula (D) or (D*) and expressed by W is selected 
from cyclic structures expressed by the following general formulas (W-1) to (W-7). 

so 




ss BT — general formula (W- 1 ) 

where each of a\ a^, a^ and a^ is a cartx>n atom or a nitrogen atom and the bond constituting the ring is a single bond 



32 
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10 



general formula (W-2) 



where is an oxygen atom or a sulfur atom and each of a^ and a^ is a carbon atom or a nitrogen atom. 



IS 



20 



2S 



general formula (W-3) 



... general formula (W-4) 



30 




... general formula (W-5) 



40 



45 



60 




...general formula (W-6) 




... general formula (W-7) 



55 



[0051] It is preferable that the atomic group included in general formula (D) or (D*) and expressed by is selected 
from cyclic structures expressed by the following general formulas (X^-1) to (X^-23). 
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a'^a^® ... general formula (X^-1) 
where each of a', a''° aixl a" is a caibon jEriom or a nitrogen atom. 



... general formula (X -2) 
where a^^ is a carbon atom or a nitrogen atom. 



a'" a'"* ... general formula (X'^-S) 
where a^^ is any one off O. S, Se. Te or NH and each of a^^ and a^^ is a cartoon atom or a nitrogen atom. 



...general formula (X -4) 
wherea^^isOorNK 



... general formula (X -S) 

where a^^ is an oxygen atom or a sulfur atom. 
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general formula (X^-6) 




19, 



... general formula (X -7) 



where each of a^® and a^ is an oxygen atom or a sulfur atom and a^^ is a cartwn atom or a boron atom. 



... general formula (X -8) 



where each of a^^ and a^ is a cartwn atom or a nitrogen atom. 




general formula (X -9) 



general formula (X -10) 




... general formula (X -11) 



where a^^ is CH2 orO. 
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general formula (X -12) 



10 



IS 



where n is any one of 2, 3 and 4. 

O 




'a*-" ... general formula (X -13) 

where a^^ is any one of O, S. NR and CHR (wrhere R is an aikyi group). 




30 



O — N ... general formula (X - 14) 



as 



40 




general formula (X -15) 




... general formula (X - 16) 



so 



ss 




... general formula (X -17) 
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...general formula (X^-18) 




general formula (X^-19) 




... general formula (X -20) 




general formula (X^-21) 




general formula (X^-22) 




O ... general formula (X^-23) 
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[0052] It is preferable that the atomic group included in general formula (D) and expressed by is selected from 
cydic structures expressed by the follGwing general formulas (Y^-1) to (Y^-5). 



-TV 



10 



a27— ... general formula (Y^-1) 



where each of a^^ a^®, a^^ and a^® is a carbon atom or a nitrogen atom the bond constituting the ring is a single bond 
or a double bond. 



IS 



20 




... general formula (Y -2) 



so 



general formula (Y^-3) 




... general formula (Y -4) 



40 



45 



... general formula (Y^-5) 



so [0053] It Is preferable that the atomic group included in general formula (D*) and expressed by is selected from 
cyclic structures expressed by the fbllowing general formulas (Y^-1) to 



ss 
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-30_-29 

^32 



331^332 general formula (Y^ 



where each <rf a^^. a^. a^^ and a^^ ig ^ cart}on atom or a nitrogen atom. 




... general formula (Y* 



where an aibitrary one of the bonds constitirting the ring may be a double bond. 




... general formula (Y 
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.. general formula 




... general formula (Y -5) 




... general formula 




O ... general formula (Y^-7) 




...general formula (Y^-8) 



here is an oxygen atom or a euHur atom and each of a^ and a^ is a caitxm atom or a nitrogen atom. 




...general formula (Y^-9) 



where a^^ is a cailMn atom or a nitrogen atORL 
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...general formula (Y -10) 

10 



...general formula (Y -11) 



... general formula (Y -12) 

35 



40 



45 



60 



65 
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..general formula (Y -16) 



< 



general formula (Y^-17) 




..general formula (Y -18) 




general formula (Y -19) 




general formula (Y^-20) 
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... general formula (Y^-21) 



where each of and is any one of CH2, 0 and & 




general formula (Y^-22) 



where the bond is a single bond or a double bond. 




...general formula (Y^-23) 




' ... general formula (Y^-24) 



where a^' is a methyl group or a cyano groupi 



general formula (Y^-25) 
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...general formula (Y^-26) 




general formula (Y^-27) 




general formula 




... general formula (Y^-29) 




... general formula (Y -30) 



any one of H. Br, CH3, NH2, NHR and NRR'. 
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to 




general formula (Y^-31) 



where a^^ is an coqrgen atom or a sulfur atom. 



16 



20 



25 




general formula (Y^-32) 



so [0054] The lubricart lor use in the preserrtinveritioriOTntains liquid crystal mol^ 

liquid and solid when its phase is changed from splid to liquid. Theretbre. the lubricant according to the present bwen- 
tion is able to relieve MneHc energy imparted from sliding by the phase change 

[00551 The lubricant containing the liquid CTystal molecules has the characteristics of the sdid when the sia^^ 
IS small (or when no friction occurs). Therefore, the lubricant has low viscosity. If sliding energy is inparted because of 
as a collision, the phase is changed and thus the lubricant has the characteristic of liquid. Therelbre. the lubricant reaches 
the magnetic head so as to produce meniscus force. As described above, the phase of tte lubricant containing the Hq- 
uid crystal molecules according to the present invention is changed by friction energy imparted from sliding so as to be 
liquid. Therefore, txrth of low viscosity and large meniscus force can be satisfied. 

[0056J In a case of a solid lubricant, the Wnetic energy imparted from sOdng acts to splash molecules. As a result 
« decomposition of the lubricant occurs. The products of the decomposition adhere to the magnetic recordng medium so 
that the sliding characteristic deteriorates. On the other handL the lubricant containing liquid crystal molecules is able to 
relieve frictional energy imparted from sliding because Its slate is changed from semi-solid to liquid. Therefore, the 
decomposition of the lubricant can be prevented and thus deterioration in the sliding characteristic can be prevented. 
[0057] Since the liquid lubricant has great fluidity, the frictional energy imparted from sliding can be relieved without 
45 decomposition of the lidjricant However, the Bquid lubricant having great fliddity leaks firom the suface owning to sHd- 
ing. Thus, the coating ratio of the substrate is reduced and the lubricating characteristic is Instantaneously lost On the 
othw hand, the Lubricant containing the liquid crystal molecules exists on the sivface in a semi-solid^mi-liquid state 
Thwefore, the coating ratio of the surface of the substrate is not reduced by sliding as is experienced with the liquid 
liimcant As a result, the sliding characteristic does not deteriorata 

so [0058] In general, the liquid crystal molecules include three types depending on the molecule anangement. the th^^^ 
types being nematic phase, smectic phase and chdesteric phase. 
[0059] The liquid crystal molecules for use in the present invention has the 

[0060] The liquid crystal molecule for use in the present invention has nematic phase or smectic phase virtien its tem- 
perature s not lower than room temperature (20«C). The m^ axes of fiquid crystal molecules in the nematic 
«5 Phasa/smecbcphaseareeasilyalignedpeipendiculartytothesuffaceofthesubsliate. Therefore. a 

on the substrata Hence, exceflent durability can be reafeed even if sliding is repeated and the molecules of the lubri- 
cant are gradually worn. On the other hand, the major axes of liquid crystal molecules in the cholesteric phase are eas- 
ily aligned m paiaUel to the surface of the substrate. Therefore, when sliding is repeated and thus the molecules of the 
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Ii4)ricant are gradually worn, the molecules of the lubricart are easily worn (separated). Thus, it can be considered that 
satisfactory durability cannot be obtained. 

[0061] Since liquid aystal molecules in the nematic phase/smectic phase are oriented in a predetermined direction, 
high local viscosity is expected. On the other hand, liquid crystal in the cholesteric phase forms a layer such that its ori- 
ented surface is twisted. Therefore, forces among molecules are averaged. Thus, high local viscosity obtainable from 
orientation cannot be obtained. As a result, the foregoing liquid crystal is disadvantegeous to relieve frictional energy 
caused from sfiding. 

[0062] As described above, the lubricant according to the present invention is able to relieve kinetic energy inparted 
from sliding by phase transition. Since phase is changed to liquid, all of required lubricating characteristics including the 
continuous sliding resistance, low viscosity and the large meniscus force can be sattefied. 

[0063] The nagnetic recording medoim according to the present invention may be a so-called coating-type magnetic 
recording medium having a magnetic layer which is formed by applying, to the surface of a non-magnetic support mem- 
ber, a magnetic coating material containing fine ferromagnetic powder and a binder and by drying the magnetic coating 
material. As an alternative to this, the magnetic recording medium may be a soKalled thin metal-film magnetic record- 
ing medium having a magnetic layer fbrmed by coating the non-magnetic support member by evaporation of a ferro- 
magnetic metal material. 

[0064] In the case of the coating-type magnetic recording medium, a lubricant containing ttie monocyclic liquid crystal 
molecules, bicydic liquid crystal molecules or tricyclic liquid crystal molecules is. as a magnetic coating material, 
caused to be included in the magnetic layer. As an alternative to this, the lubricant is applied by a dipping method or a 
spin coating method after ttie magnetic layer has been formed so that the liA»1cating film is fbrmed. 
[0065] In the former case, it is preferable tiiat the quantity of coating is 0.1 part by weight to 20 parts by weight witfi 
respect to 100 parts by weight of ferromagnetic powder, mae preferably 0.5 part by weight to 1 0 parts by weight In the 
latter case, it is preferable that the quantity of coati ng is 0.5 mg/m^ to 1 00 mg^i^^ ^ore preferably 1 mg^m^ to 50 mg/n^. 
In either case, if the quantity of ttie lubricant existing in the outemtost l^er (on ttie surface of ttie magnetic l^er) of ttie 
magnetic recording medium is too small, only a poor lubricating effect can be obtained. If ttie quantity Is too large, stick- 
ing of ttie magnetic recording medium takes place. Therefore, ttie foregoing optimum quantity is inevitably determined. 
In a case of a nticrofjartide high packing medium developed recentiy. ttie latter mettiod enables ttie lubricant to effec- 
tively be held on ttie surface of the magnetic layer. 

[0066] In ttie case of the ttiin metal magnetic recording medium, ttie lubricant containing ttie liquid crystal molecules 
may be applied to ttie surface of ttie magnetic layer after ttie magnetic layer has been fbrmed by coating, such as evap- 
oration. In order to obtain ttie continuous sliding resistance, a protective film may be formed on ttie magnetic layer in 
ttie fbrm of a ttiin metal-magnetic-f Bm. after which ttie surface of ttie protective f flm is coated witti ttie lubricant. 
[0067] The lubricant may be applied by. for example, a dipping mettiod. a Langmuir project (LB) mettiod, a spraying 
mettiod. a spraying mettiod. a cast mettiod, a vacuum evaporation mettiod or a molecular beam evaporation mettiod 
Also inttiis case, it is preferable ttiat ttie quantity of coating off ttie lubricant is 0.5 mgAri^ to 100 mg/nf, more preferably 
1 WQ/trf to 50 mg/nf. A cleaning process using solvent may be perfbmied after ttie lubricating f flm has been fbmied 
80 as to acf ust ttie quantity of coating. Whettier or not ttie cleaning process is performed after ttie lubricating film has 
been formed is determined from a view point of adjusting ttie thickness of ttie f flm. 

[0068] If necessary, a heating process or a process for applying an uttravfolet ray may be performed after ttie lubri- 
cating film has been fbrmed. ft is preferable ttiat ttie heating process Is perfbmied in a tenperature range from TO^C to 
200«C, more preferably in a range from 90«C to 1 70«C. 

[00691 In ttie present invention, a backcoat layer may be formed on ttie surface of ttie non-magnetic support men*>er 
opposite to ttie surface on which ttie magnetic layer is formed so as to apply ttie lubricant containing ttie liquki crystal 
molecules. The lubricant may be included in ttie backcoat layer. 

[0070] In ttie present invention, a non-magnetic teyer (a base layer) may be fbmied between ttie non-magnetic sup- 
port member and ttie magnetic layer in order to smootti and flatten ttie magnetic layer. The foregoing medium is gener- 
ally called a muWIayered-coating-type magnetic recording medium. Also in ttiis case, it is preferable ttiat ttie lubricant 
containing ttie liquid crystal molecules is included in ttie nonmagnetic layer. The lubricant included in ttie non-magnetic 
layer seeps to ttie magnetic layer, and ttien allowed to finally exist In ttie outermost teyer of ttie magnetic recording 
medium. It is preferable ttiat ttie quantity of additfon of the lubricant is 0.1 part by weight to 20 parts by weight witti 
respect to 100 parts by weight of non-magnetic powder, more preferably 0.5 part by weight to 10 parts by weight. 
[0071 ] As descrfoed above, ttie magnetic recording medium according to ttie present invention has ttie lubricant con- 
taining ttie liquid crystal molecules in ttie outermost teyer ttiereof. Therefore, excellent lubricating performance can be 
maintained under a variety of conditions for usa As a result, ttie lubricating effect can be maintained for long tima As 
a result excellent running performance, wear resistance and durability can be realized. 

[0072] The non-magnetic sxippcrX member and ttie magnetic layer of ttie magnetic recording medium according to ttie 

parts by weight may be made of known materials. Therefore, ttie materials are not limited particulariy. 

[0073] For example, ttie non-magnetic sif)port member may be a support member made of polyester, such as of pol- 
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yethylene phlhalate, polyethy1ene-2.6-raphthalate: polyolefine. such as polypropylene; cellulose, such as cellulose tria- 
cetate or cellulose diacetate: a polymer material represented by vinyl resin, polyimtde and polycart)onate: metal; glass; 
and ceramics. 

[00741 When the magnetic recording medium has the coating type magnetic layer, the magnetic layer is formed by 
coating a magnetic coating material mainly composed of magnetic powder and a binder. The ferromagnetic powder Is 
made of a material exemplified by metal, such as Fe. Co a Ni; an alloy such as Fe-Co, Fe-NB. Fe-AI. Fe-Ni-AI. Fe-AI-P, 
Fe-Ni-Si-AI. Fe-Ni-SI-AI-f^n. Fe-Mn-2n. Fe-Ni-Zn. Co-Ni. Co-P, Fe^Ni, Fe-Co-Ni-Cr, Fe-Co-Ni-P. Fe^B. Fb-CoO- 
B, Mn-Bi. Mn-AI or Fe<k>-V; iron nitride; and iron caitida As a matter of course, light metal elements, such as Al, Si, P 
or B may be contained in an adequate quantity in order to prevent sintering occuning when reduction is perfomied'or 
to maintain the shapa Also in this case, the effect of ttie present invention can be obtained. 
[0075] The ferromagnetic powder may be rFeaOa; Fe304; a berthollide compound of rFe203 and Fe304; rFoaOa 
containing Co; Fe304 containing Co; a berthoOide compound of rFeaOa containing Co and Fe304; or an oxide in the 
form in which CrOg contains one or more types of metal elements, such as Te. Sb. Fe a B. 
[0076] Also hexagonal system ferrite may be employed. M-type. W-type. Y-type, 2-type barium femte, strontium fer- 
rite, calaum ferrite, lead ferrite or a material obtained by adding Co-Ti. Co-Ti-Zn, Co-Ti-Nb. Co-Ti-2h-Nbt Cu-Zr or Ni- 
Ti to any one of the foregoing materials may be employed. One type of the ferromagnetic powder may be employed or 
two or more types may be employad. 

IM77] It ^preferable that the specific surface area of the fenronrwgnetic powder for use in the present invention is 30 
nf/Q to 80 m^/g, more preferably 40 m^/g to 70 m^/g. If the spedftc suriace area satisfies the foregoing range, the fer- 
romagnetic powder can be fined. Thus, density recording is permitted so that a magnetic recording medium having 
excellent noise prevention is obtained. 

10078] It is preferable that the major axis length of tfie ferromagnetic powder according to the present invention is 0.05 
pm to 0.50 fim and the axial ratio of the same is 2 to 15. If the major axis length is shorter ttian 0.05 jim. dispereion in 
the magnetic coating material cannot easily be performed If the m^or axis length is longer than 0.50 |im, the noise 
characteristic undesirably deteriorates. If the axial ratio is smaller than 5. the orienting characteristic of the fetromag- 
netic powder deteriorates, causing the output to be reduced. H the axial ratio is larger than 15, there is apprehension 
that the output of a short-wavelength signal Is reduced. In the case of plate ferrite, It is preferable that the plate diameter 
is 0.01 \im to 0.5 Mm and the thickness is 0.001 jun to 0.2 jim. The major axis length, the axial ratio, the plate diameter 
and ttie ttilckness are average values of 100 or more samples randomly selected by using photographs obtained by a 
transmission electron microscope. 

[00791 The binder which is contained in the magnetic layer according to the present invention may be a conventional 
thermoplastic resin, thermosetting resin or reaction-type resin which has been employed as the binder for the magnetic 
recording medium It is preferable that tiie number average molecular weight is 5000 to 100000. 
[0080] The thermoplastic resin is exemplified by vinyl chloride, vinyl acetate, vinyl chloride-vinyl acetate copolymer, 
vinyl chloride-vinylidene chlaide copolymer, vinyl chloride^crylonitrile copolymer, acryfic ester-acrylonitrile copolymer! 
acryUc ester-vinyl chloride-vinytidene chloride copolymer, vinyl chioride-acrylonitrile copolymer, acryfic ester-acryldni' 
trile copolymer, acrylic ester-vinylidene chloride copolymer, mettiacrylate-vinyfidene chloride copolymer, methacrylate- 
vinyl chloride copolymer, methacrylate-ethylene copolymer, polyvinyl fluoride, vinyfidene chloride-acrylonitrile copoly- 
mer, acrylonitrile-butadiene copolymer, polyamide resin, polyvinyl butyral. cellulose derivative (cellulose acetate 
butylate. cellulose diacetate. cellulose triacetate, cellulose propionate or nitrocellulose), 8tyrene4)utadiene copolymer, 
polyurethane resin, polyester resin, amino resin and synthetic rubber. The thermosetting resin or the reaction-type resiri 
are exempfified by phenol resin, epoxy resin, polyurethane setting resin, urea resin, melantine resin, alkyd resin, sili- 
cone resin, polyamine resin and urea formaldehyde resin. 

[0081 ] Any one of tiie foregoing binders may contain a polar functional groip, such as -SO3M, OSO3M, -COOM or 
PsO {0M)2 in order to improve the dispersion characterfetic of ttie pigment. In the formula, M is a hydrogen atom or 
alkafi metal, such as lithium, potassium or sodium. Moreover, the polar functfonal group includes a side-chain type 
material having ah end group exemplified by -NR^ or -NR^ P^R^X and a main chain type material exenplified by > 
NR R2*X", where each of R\ R^ and R^ is a hydrogen atom or a hydrocarbon grotp and Is a halogen element ion 
of fluorine, chlorine, bromine a iodine or inorganic or organic ion. Moreover, a polar functional group, such as -OH. - 
SH. -CN or epoxy group, may be employed. It is preferable that the quantity of the polar functional group is 10'^ md/g 
to 10-» md/g, more preferably 10*2 mol/g to 10-« mol/g. One of the above-mentioned binders may be enployed. and two 
or more types may be employed. 

[0082] It is preferable that the binder is contained in the magnetic layer by 1 part by weight to 200 parts by weight with 
reject to 100 parts by weight of the fennomagnetic powder or the non-magnetic powder, more preferably 10 parts t>y 
weight to 50 parts by weight If the quantity of the binder is too large, the ratio of the ferromagnetic magnetic powder in 
the magnetic layer is relatively reduced. Thus, the output is reduced. What is worse, plastic flow easily occurs because 
of repetitive sliding in the drive. As a result the transport durability of the magnetic recording medium deteriorates. If 
the quantity of the binder is too smaH, the magnetic layer becomes brittle. Thus, the transport durability of the magnetic 
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recording mecfium deteriorates. 

[0083] In the present invention, polyisocyanate tor crosslinWng and hardening the binder may additionally be 
enplcyed. The polyisocyanate may be tolyfenedGsocyanate. its abduct, alkyiene diisocyanate or its abduct It Is prefer- 
able that the quantity off blending of polyisocyanate to the binder is 5 parts by weight to 80 parts by weight with respect 
to 100 parts bf weight of the binder, nrore preferably 10 parts by weight to 50 parts by weight 
[0084] The fen-omagnetic powder and the binder are dispersed in the solvent so that the magnetic coating material is 
prepared. The solvent for use in the process for preparing the coaling material may be ketone solvent such as acetone, 
methylethytketonei methylisobutylketone or cydohexanone, alcohol solvent such as methanol, ethanol or propanol, 
ester solvent such as methyl acetate, ethyl acetate, butyl acetate, propyl acetate, ethyl lactate or ethyleneglycol, ether 
solvent such as Methylene glycol dimethylether. 2-ethQxyethanol. tetrahydrofuran or dioxane, aromatic hydrocarbon 
solvent such as benzene, toluene or xylene or halogenated hydrocarbon solvent such as methylene chloride, ethylene 
chloride, carbon tetrachloride, chlorofomn or chlorobenzena 

[0085] If necessary, particles of an abrasive mataial may be contained in the magnetic coating material. The abrasive 
material may be aluminum oxide (a, p or y). chrome oxide, silicon carbide, diamond, garnet, emery, boron nitride, tita- 
nium carbide, silicon cart»de or titanium oxide (mtile or anatase). It is preferable that the foregoing particles is contained 
by 20 parts by weight or smaller with respect to 1 00 parts by weight of the ferromagnetic powder, preferably 1 0 parts by 
weight or smaller. It is preferable that the Moh's hardness of the particles is 4 or higher, preferably 5 or higher. It is pref- 
erable that the specific gravity is 2 to 6, preferably in a range from 3 to 5. The average partide size is 0.5 ^m or smafler, 
preferably 0.3 Mm a smaller. Also the average particle size of the non-magnetic reinforcing particles is measured from 
photographs obtained by the transmission electron microscope so as to be statistically processed, similarly to the proc- 
ess for processing the ferromagnetic powder. 

[D086] The magnetic coating material is prepared by sul3jecting the foregoing materials to a kneading process, a mix- 
ing process and a dispersing process. The dispersing and kneading processes are performed by using a roO miD. a ball 
mill, a sand mill, an agitaor, a kneader, an extruder, a homogenizer or a sipersonic dispersing machina 
[0087] After the magnetic coating material has been prepared, the nragnetic coating material Is applied by an arlMtrary 
method, such as spraying or roll coating, after which a drying process is performed. Thus, the magnetic layer is formed. 
If necessary, the product is introduced into a calender apparatus and wound around a winding roll. Maeover, a back- 
coat layer is applied to the surface of the non-magnetic support member opposite to the surface on whfoh the magnetfo 
layer is formed. 

[0088] When the foregoing coating type magnetic layer is provkled. a non-magnetic layer (a base layer) containing 
non-magnetic powder dispersed in the binder thereof may be formed between the magnetic layer and the non-magnetic 
support member in order to flatten and smooth the magnetic layer. 

[0089] When the foregoing multilayered coating process is perfomied, the binder to be contained in the base layer 
may be the binder for use in the magnetic layer may be employed. 

[0090] Non-magnetic powder which must be contained in the base layer may be non-magnetic iron oodde. such as a- 
F^Qa. goethite. rutile type titanium dfoxide. anatase-type titanium dioxkJe. tin oxkle. tungsten oxide, silicon oxide, zinc 
oxMe. chrome oxMe. cerium oxide, titanium carbkJe, BH. a-alumina. p-alumina ralumina. catelum sulfate, barium sul- 
fate, molybdenum disulfide, magnesium cart>onate. cateium cartx)nate, barium cartx>nate. strontium cartx)nate or bar- 
ium titanate. The non-magnetic powder may be empfoyed solely or a mixture may be enpfoyed. 
[0091] Impurities may be doped in the non-magnetic powder in an adequate quantity to meet purposes. To Irrprove 
dispersion characteristic, impart electric conductivity and brprove color tone, surface treatment may be performed with 
a compound of Al. Si, Ti, Sn, Sb or Zr. It Is preferable that the specfffo surface area of the non-magnetic powder is 30 
m^/g 80 trf/g, preferably 40 m^/g to 70 nf/g. 

[0092] If necessary, the non-magnetfc layer may contain carbon black, such as furnace for rubber, pyrocarbon. black 
fa cotor or acetylene Wack. in addition to the non-magnetic powder. It is preferable that the specific surfece area of car- 
bon black is 100 m^/g to 400 m^/g and the DBF oil absorption is 20 ml/100 g to 200 ml/100 g. 
[0093] By detemwiing the specific surface area of non-magnetic powder and carbon black to satisfy the above-men- 
tfoned ranges, the non-magnetic layer (the base layer) can be flattened and smoothed. As a result the magnetic layer 
(the upper layer) can be flattened and smoottied. Thus, a magnetic recording medium having an excellent modulation 
noise characteristic and free from consklerable influence of the spacing loss can be obtained. 
[0094] When the magnetic recording medium according to the present invention incorporates the magnetic layer in 
the form of a thin magnetic metal film, the thin magnetic metal film is formed by continuously coating the surface of the 
non-magnetic SMPport member with ferromagnetic metal powder by sputtering or vacuum evaporation. 
[0095] The non-magnetic support memtjer may be the atxave-mentioned non-magnetic support mentoer. When a 
substrate, such as an aluminum alloy plate or a glass plate, having rigicfity is employed, an oxide f flm obtainable by an 
alumite process or a Ni-P coating may be formed on the surface of the substrate so ttiat the surface is hardened 
[0096] The thin magnetic metal fim may be a metal film made of Fe. Co or Ni, an inplane magnetized recording metal 
magnetic film made of Co-Ni alloy, Co-R alloy. Co-Pt-hO alloy. Fe-Ck> alloy. Fe-Ni alfoy. Fe-Co-Ni alloy, Fe-Ni-B aOoy. Fe- 
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Co-B alloy or Fe-Co-Ni-B alloy or thin aOoy film made of Co-Cr. 

[0097] When the Inpiane magnetized recording metal magnetic film is employed, a ground (ayer made of a low-melt- 
ing-pdnt non-magnetic material, such as Bi, Sb, Pb. Sn, Qa. In, Ge. Si or Tl may previously be formed on the non-mag- 
netic support member, and then the metal magnetic material is evaporated or sputtered in the vertical direction so as 
to form the thin metal-magnetic-f iini When the ground layer is coated with the metal magnetic mat^al. the low-melting- 
point non-magnetic material is diffused in the thin metai-magnetic-f ilm. Thus, the orientation can be canceled, inpiane 
isotropy can be maintained and the antimagnetic characteristic can be improved. 

[0098] A protective film made of caTtx>n or the like may be formed on the surface of the magnetic recording medium 
prior to forming of the lut>ricating film in order to strengthen the coating film or improve rust-prevention. The protective 
film \s usually formed by sputtering or chemical vapor depo^on (CVD). The method is not limited particulariy and thus 
either metiiod may be employed. It is preferable that the thickness of the protective film is 2 nm to 100 nm, more pref- 
erably 5 nm to 30 nm. 

[0099] The above^nentioned lubricant may contain a rust preventive material, if necessary. The rust preventive mate- 
ria) may be any one of conventional rust preventive materials for tiie magnetic recording medium of the foregoing type. 
For example, phenol, naphthol, quinone, a heterocyclic compound containing a nitrogen atom, a heterocycfic oon>- 
pound containing an oxygen atom or a heterocyclic compound containing a suHur atom may be empfoyed. 
[0100] Afthough the rust preventive material may be combined with the lubricant the effect can be improved when 
two or more layered structure is enployed in which tiie rust preventive layer is applied to the surface of the magnetic 
layer or tiie protective film made of cartson or the like after whi^ the lubricant layer is applied. 
[01 01 ] If tiie magnetic recording medium according to the present invention has the magnetic layer fomied on the non- 
magnetic support member, the shape is not limited particulariy. For example, a magnetic tape obtained by slitting to 
have a width of 8 mm, a magnetic cfisc in the Ibnn of a disc having a size of 3.5 inc^ 
netic disc (a so-called hard cfisc) comprising a disc-shape hard substrate may be employed. 
[0102] The magnetic recording/reproducing apparatus accorcfing to ttie present invention will now be descrfoed. 
[0103] The magnetic recording/k'eprodudng apparatus according to ttie present invention incorporates a magnetic 
disc and a magnetic head for scanning tiie surface of tiie magnetic disc to record and/or reproduce information to and 
from the magnetic disc. The magnetic head may be a floating type magnetic head whfoh peribrms scanning while it 
floats for a small distance from ttie surface of ttie magnetic disc by ttie wind force obtainable from rotation of ttie mag- 
netic disc. The magnetic head may be a oontact-recorcfing-type magnetic head which perfomis scanning while making 
contact witti the surface of ttie magnetic disc. When ttie magnetic head is ttie f foating type magnetic head, the rrvnimum 
distance from ttie geometric average surface of the surface of ttie magnetic disc must be SO nm or smaller. 
[0104] The magnetic reoording/ireproducing apparatus according to ttie present Invention employs the magnetic 
recording medium as ttie magnetic disc, ttie magnetic recording medium having an outermost layer which includes ttie 
lubricant containing liquid crystal molecule expressed by general formula (A) or (A"), general fornula (B) or (B*), general 
formula (C) a (C*7 or general formula (D) or (D*). 

[01 05] The magnetic recording/reproducing apparatus employs ttie magnetic recording medium having ttie outermost 
layer which contains ttie above-mentioned liquid crystal molecules. Since ttie liquid crystal molecules has fow viscosity 
and large meniscus force, excellent durability against sliding can be obtained when the disc is slkj when the floating 
type magnetic head is turned on or off or when ttie disc is slid when the recording or reproducing operation Is performed 
by ttie contact-record-type magnetic head. As a result an excellent transport characteristic, wear resistance and dura- 
bility can be reaTized. 

[0106] Specific examples and comparative exanples of ttie present invention wQI now be described. As a matter of 
course, ttie present invention is not limited to the following examples. 

(Manufacturing of Coating Type Magnetic Tape > 

[0107] Initially, fennomagnetic powder, a binder, additives, a liAricant and solvent having ttie following compositions 
were kneaded by an extruder, and ttien dispersed for 6 hours by a sand mill. TTius. a magnetic coating material was 
prepared. 
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Fe Metal Feiromagnetic Powder (coercive force o 160 kA/m. amount of saturation magneti- 
zation 8 145 Am^/kg. specific surface area « 51 m^/g, length of maja axis « 0.08 \an and 
needle ratio » 3) 

Polyvinyl Chloride Resin (MR-1 10 manufactured by Japanese Geon) 
Polyester Polyurethane (MG-130 manufactured by Toyo Spinning) 
Additive (AlgO^ 

Lubricant (the following Squid crystal molecule 1) 

Methylethylketone 

Cydohexanone 



100 parts by weight 

14 parts by weight 
3 parts by weight 
5 parts by weight 
3 parts by weight 
150 parts by weight 
150 parts by weight 



... liquid crystal molecale 1 
phase transition temperatures: 40^C and 99 ®C 



101091 Then, 3 parts tjy weight of polyisocyanate were added to the obtained magnetic coating material. The coating 
material lor making a nragnetic layer was applied to the surface of polyethylene terephthalate (hereinafter called "PET) 
having a thickness of 7 jim so as to have a thickness of 6.5 .urn. A solenoid coil was operated to perform an orienting 
process, and then a drying process, a calender process and a hardening process were performed. Thus, a magnetic 
layer was formed. Then, a back coating material having the following composition was applied to the surface of the PET 
fOm opposite to the surface on which the magnetic layer was formed. The PET film was cut to have a widtfi of 8 mm so 
as to be tape shapa As a result a coating type magnetic tape was manufactured. 

<Composition of Back Coating Material ) 

[0110] 



Carbon Bfack (#50 manufactured by Asahi Carbon) 


100 parts by waght 


Polyester Polyurethane (trade name: Nipporan N-2304) 


100 parts l7y weight 


Methylethylketone 


500 parts by weight 


Toluene 


500 parts by waght 
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Examples 2 to 8 

[01 1 1 J A similar process to that according to Example 1 was perfomied except for the following liquid crystal mole- 
cules 2 to 8 employed as the lubricant in place of the liquid crystal molecule 1 so that coating type magnetic tapes were 
manufactured. 




phase transitiontemperatures: 97\ 102**C and 103**C 
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5 




... liquid crystal molecule 4 
phase transitiontempera tares: 84^C and 113^C 



15 




phase transitiontemperature: 5VC 



40 



45 




... liquid crystal molecule 7 
phase transitiontemperature: TS^'C 
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... liquid crystal molecule 8 
phase transitiontemperature: 103®C 



Comparative gitamplfll 

[0112J A process simlar to that according to Example 1 v»«spe^ 

which was a usual luk)ncant employed in place of Rquid crystal molecule 1 so that a coating type magnetic tape was 
manufactured. 

[0113J A process similar to that according to Example 1 was performed except for the lubricant which was mettiylstea- 
rate which was a usual lubricant employed in place of liquid aystal molecule 1 eo that a coating type magnetic tape was 
manufactured. 

Evaluation of Characteristics 

[01141 The magnetic tapes according to Examples 1 to 8 and Comparative Examples 1 and 2 were measured. The 
coefficient of friction and still durability were measured when the temperature was 25'*C and tiie relative humidity was 
60 %. the temperature was 40«C and the relative humidity was 80 % and the tenperature was - 5«C. Results were 
shown in Tables 1 and 2. 

10115] The coefficient of friction was measured by using a usual shuttle under a load of 20 g at a tape speed of 5 
mmAseoond. The value of the coefficient of friction was a value obtained after transporting the tape 100 times. In accord- 
ance wrth change in the tension, calculations were perlbrmed by using an Euler's formula. 
[0116] The stiil durability was evaluated by measuring time tak^n to attenuation of an output In a pause state to - 3 
dB. The longest measuring time was 150 minutes. 



[Table 1] 





Lubricant 


Environmental Temper- 
ature 


Coefficient of Friction 


Sti'O Durability (Minutes) 


Example 1 


Liquid Crystal Molecule 
1 


25'>C60% 


0.20 


>150 


-5«C 


0.22 


>150 


40«C80% 


0.21 


>150 


Example 2 


Liquid Crystal Molecule 
2 


25<'C60% 


0.17 


>150 


-5*»C 


0.19 


>150 


40<>C80% 


0.18 


>150 


Examples 


Liquid Crystal Molecule 
3 


25»C60% 


0.17 


>150 


-S'^C 


0.19 


>150 


40<'C80% 


0.18 


>150 
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[Tabte 1] (continued) 





Lubricant 


Environinental Temper- 
ature 


Coeffident of Friction 


SttnOurabnity (Minutes) 


Exanfpl8 4 


Liquid CrystaJ Molecule 
4 


25*^060% 


0.19 


>150 




0.21 


>150 


40*0 80% 


0.20 


>150 



[Table 2] 





Lubricant 


Environmental 
Temperature 


Coefficient of 
Friction 


Still Dumhtlitv 

Willi WUlQWUlljf 

(Minutes) 


Examples 


Uqutd Crystal Molecule 5 


25"C60% 


0.20 


>150 


•5*C 


0.22 


>150 


40»C80% 


0.21 


>150 


Examples 


Liquid Crystal Molecule 6 


25*C60% 


0.19 


>150 


•5»C 


0.21 


>150 


40^080% 


0.20 


>150 


Exanple? 


Liquid Crystal Motecufe 7 


25»C60% 


0.17 


>150 




0.19 


>150 


WC80% 


0.18 


>150 


Examples 


Liquid Crystal Molecule 8 


25»C60% 


0.17 


>150 


-5*C 


0.19 


>150 


40"C80% 


0.18 


>150 


Comparative 
Exaiipiel 


Stearic Acid 


29*C60% 


0.22 


90 


-5*C 


0.24 


10 


40*0 80% 


0.22 


30 


Comparative 
Example 2 


Methyl Stearate 


25<'C60% 


0.28 


120 


-5-0 


0.33 


80 


40»C80% 


0.36 


90 



[01 1 7] As can be understood from Tables 1 and 2, the coefficient of friction of each of the magnetic tapes containing 
liquid crystal molecules 1 to 8 each serving as the lubricant was reduced and the still characteristic of the same was 
excellent as compared with the comparative examples containing the stearic acid or methyl stearate which was the con- 
ventional lubricant Thus, employment of the liquid crystal nralecules as the lubricant enables excellent continuous slid- 
ing resistance and low viscosity to be obtained. 

(Manufacturing of Thin Metal Magnetic Tape > 

Example 9 

[0118] Initially, the suriace of the PET film having a thickness of 10 pm was coated with Oo-Ni alloy by a diagonal 
evaporation method so that a fenromagnetic thin metal film having a thickness of 100 nm was fc)mied. Then, sputtering 
was performed so that a caitxxi protective film having a thickness of 1 0 nm was fbmried on the surface of the fen-omag- 
netic tWn metal film. Then, liquki oystal molecule 1 which was the lubricant similar to Exanple 1 was applied. The 
quantity of applied liquid crystal molecule 1 was 10 mg/m?. The PET films were cut to have the width of 8 mm so that 
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tapes were manufactured. Thus, thin metal magnetic tapes were manufactured. 
Examples 10 to 16 

5 [0119] A process similar to that according to Example 9 was performed except for liquid crystal molecules 2 to 8 
employed as the lutMicants in place of liquid crystal molecule 1 so that thin metal magnetic tapes were manufactured. 

CpmparativgExampIgg 

10 [01 20] A process similar to that acoording to Example 9 was performed except for stearic acid vMdh was a usual lubri- 
cant and which was employed in place of liquid crystal molecule 1 so that thin metal magnetic tapes were manufac- 
tured. 

ComparatiYfl Example 4 

75 

[0121] A process similar to that according to Example 9 was performed except for methyl stearate which was a usual 
liA>ricant and which was employed in place of Dquid crystal molecule 1 so that thin metal magnetic tapes were manu- 
fectured. 

20 valuation of Characterises 

[0122] The magnetic tapes according to Examples 9 to 16 and Comparative Examples 3 and 4 were measured. The 
coefficient of friction and still durability were measured similar to Example 1 when ttie temperature was 25'C and ttie 
relative huntidty was 60 %. the temperature was 40»C and the relative humidity was 80 % and the tenperature was - 
25 S*C. Results were shown in Tables 3 and 4. 



[Tables] 
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Lubricant 


Environmental 
Temperature 


Coefficient of 
Friction 


Still Durability 
(Minutes) 


Example 9 


Liquid Crystal Molecule 1 


25«C60% 


0.21 


>150 




0.23 


>150 


40*C80% 


0.23 


>150 


Example 10 


Liquid Crystal Molecule 2 


25«C60% 


0.22 


>150 


-5'C 


0.24 


>150 


40*C80% 


0.23 


>150 


Example 11 


Liquid Crystal Molecule 3 


25«C60% 


0.18 


>150 


-5*C 


0.20 


>150 


40<'C80% 


0.19 


>150 


Example 12 


Liquid Crystal Molecule 4 


25''C60% 


0.21 


>150 


-5*C 


0.23 


>150 


40*»C80% 


0.23 


>150 



65 
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[Table 4] 





ljubricant 


Environmental 
Temperature 


Coeffident of 
Friction 


Still Durabilitv 
(Mtruites) 


Exanple 13 


Liquid Crystal Molecule 5 


25»C60% 


022 


>150 






-5*»C 


0.24 


>150 






40*»C80% 


0.23 


>150 


Example 14 


Liquid Crystal Molecule 6 


25''C60% 


0.21 


>150 






-5*»C 


0.23 


>150 






40''C80% 


023 


>150 


ExanplelS 


Liquid Crystal Molecule 7 




0.18 


>150 






•5**C 


0.20 


>150 






40''C80% 


0.19 


>150 


Example 16 


Liquid Crystal Molecule 8 


25**C60% 


0.21 


.>150 






-5»C 


0.23 


>150 






40'C80% 


0.23 


>150 


Conparative 
Examples 


Stearic Add 


as^'ceox 


0.22 


60 




^•c 


0.25 


5 






40«C80% 


0.23 


10 


Comparative 
Example 4 


Methyl Stearate 


25^0 60% 


0.29 


100 




-5*C 


0.35 


40 






40*C80% 


0.38 1 


60 



[01231 As can l)e understood from Tables 3 and 4. the coeffident of friction of each of the magnetic tapes containing 
liquid crystal molecules 1 to 8 each serving as the liiwicart was reduced and the stifl character^ 
excellent as oonrpared with the comparative examples containing the stearic add or methyl stearate vi^ich was the con- 
ventional lubricant Thus, employment of the liquid crystal molecules as the lubricant enables excellent continuous sfid- 
ing resistance and low vtecosity to be obtained. 

[01241 As can be understood from the results, an excellent lubricating effect can be obtained with the coating type 
magnetic tape and the thin metal magnetic tape. The lubricating film miy be fonned by the containing method enployed 
for the coating type magnetic tape or the top coating mettiod employed for the tttin metal magnetic tape to obtain excel- 
lent characteristics. 

(Manufecturing of Thin Metal Film Magnetic Disc) 

Example 17 

[01251 Initially, sputtering was performed so that a NIP base film having a thickness of 10 pm, a Cr intermediate layer 
having a thid^ness of 0.5 urn. a CoCr-R magnetic layer having a thid<ness of 60 nm and a carbon protective f flm having 
a thickness of 20 nm were sequentially fbrmed on a minor-ponshed surface of an aluminum alloy substrate and having 
a diameter of 3.5 inches. The roughness of the surface of ttie magnetic disc was 1.2 nm as average roughness (Ra) 
along tiie center line. 

[01261 Then, lubricant was prepared in which liquid crystal molecule 1 was dssolved in chlorotbrm at a concentration 
of 0.01 wt%. The foregoing magnetic disc was dipped in the lubricant so that liquid crystal molecule 1 was applied to 
the surfece of the magnetic disc. The application was pertbrmed such ttiat tiie duration in tfie lubricant was 1 80 seconds 
and raising speed from the lubricant was 0.25 mntfeecorid. Then, ttie magnetic disc was dipped In pure chlorofonn so 
as to remove liquid crystal molecule 1 adhered excessively from ttie magnetic disc. Thus, a lubricating fflm having a 
total tftickness of 2.5 nm (measured by an ellipsometer) and a quantity of application was 1 0 mg/h^ was fonned. As a 
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result, a thin metal-magnetic fflm type magnetic was manufactured. 

[01 271 A process similar to that according Example 1 7 was performed except for liquid aystal molecules 2 to 8 which 
were employed as the lubricants in place of fiquid crystal molecule 1 so that thin metal-magnetic-film type magnetic 
discs were manufactured. 

Comparative Example 5 

[01281 A process similar to that according Example 17 was performed except for the following fluorine lubricant (hav- 
ing a molecular weight off 4000) which was enrployed as the lubricant in place of liquid crystal molecule 1 so that ttiin 
metal-magnetic-film type magnetic disc was manufactured. 

HO-^H2CF2(OCF2CF2)m(OCF2)„CF2CH20H 

Evaluation of Characteristics 

[01 29] Each of the magnetic discs obtained as desaa>ed above and acoording to Exanples 1 7 to 24 and Comparative 
Example 5 was nrrounted on a magnetic recordlngfreprodudng apparatus to measure a maximum coefficient of static 
friction, a dynamic coefficient of friction and number of rounds at which a head crash took place. Results were shown 
in Table 5. 

[01 30] The maximum coeff idem of static friction was measured such that the magnetic disc was rotated at low speed 
in a state in which the head slider and the magnetic disc were in contact with each other to measure frictional force pro- 
duced Immediately after the rotation. The measurement conditions were such that the pressing load of the head was 5 
g and the number of revolutions of the disc was 1 rpm. 

[01311 The dynamic coefficient of friction vvas measured such that the he ad slider was continuously slid 200,000 
times in a state in which the head slider was in contact with the magnetic disc so as to measure generated maximum 
frictional force. Measurement conditions were such that the pressing load of the head was 5 g and the number of revo- 
lutions was 1 50 rpm. If head crash occurs after the disc was rotated 200.000 times or less, the maximum frictional force 
produced until the head crash took place was measured. 

[0132] The head crash off the magnetic disc is a state in which tiie carbon protective film which is the base of the lubri- 
cating film Is completely worn and the magnetic fflm is exploded outside. If the head crash occurs, visible slide scars 
are formed. At this time, the experiment was intemipted and the number of rotations was recorded. Note tiiat the max- 
imum number of rotations was 200.000 times. 



[Tables] 





Lubricant 


Maximum Coeffi- 
cient of Static Fric- 
tion 


Dynamic Coefficient 
off Friction 


Number of Rotations 
when Crash Took 
Places 


Example 17 


Liquid Crystal Molecule 1 


0.20 


0.21 


>200k 


Example 18 


Liquid Crystal Molecule 2 


0.19 


0.20 


>200k 


Example 19 


Liquid Crystal Molecule 3 


0.19 


0.21 


>200k 


Example 20 


Liquid Crystal Molecule 4 


0.20 


0.21 


>200k 


Example 21 


Liquid Crystal Molecule 5 


0.20 


0.21 


>200k 


Example 22 


Liquid Crystal Molecule 6 


0.21 


0.22 


>200k 


Example 23 


Liquid Crystal Molecule 7 


0,21 


0.21 


>200k 


Example 24 


Liquid Crystal Molecule 8 


0.20 


0.21 


>200k 


Comparative 
Examples 


Fluorine Lubricant 


0.21 


0.21 


100k 



[0133] As can be understood from Table 5. the magnetic (fiscs each incorporating the liquU crystal molecules as ttie 



58 



EP0927992A1 

liA>ricant resulted in the maximum coeffkaent of ^atic friction and dynamic coefficient of frirtion similar to those of the 
magnetic discs according to the compamtive examples. Moreover, the number of rotations perfbnned until the head 
crash took place was enlarged. Thus, a fact can be understood that use of the liquid crystal molecules as the lubricant 
enables excellent continuous sTiding resistance, low viscosity and large meniscus force to be obtained. 

5 

(Manufacturing of Coating-Type Magnetic Tape ) 
Example 25 

10 [0134] Initially, ferromagnetic powder, a binder, additives, a lubricant and solvent having the following conpositions 
were kneaded by an extmder, and then dispersed for 6 hours by a sand mill. Thus, a magnetic coating material was 
prepared. 

(Composition of Magnetic Coating Material ) 

IB 

[0135] 



20 



30 



Fe Metal Fenomagnetic Pdwder (coercive force » 160 kA/m, amount of saturation magneti- 
zation a 145 Am^/kg, spedfk: surfece area « 51 m^^, length of nriajor axis = 0.08 \im and 
needle ratio = 3) 

Polyvinyl Chloride Resin (MR-1 10 manufactured by Japanese Geon) 
Polyester Polyurethane (MQ-130 manufactured by Toyo Spinning) 
Additive (AI2Q3) 

Lubricant (the following lk|uld crystal molecule 9) 

Mettiyiettiylketone 

Cydohexanone 



100 parts by weight 

14 parts by weight 
3partsbywaght 
5 parts by weight 
3 parts by weight 
150 parts by weight 
150 parts by weight 



35 



40 



^ N N iouif 



... liquid crystal molecule 9 
phase transition temperatures: 92''C and 106*C 



60 



101361 Then. 3 parts by weight of polyisocyanate were added to the obtained magnetic coating material, the coating 
materia] for making a magnetic layer was applied to the si^ce of polyethylene terephthalate (hereinafter called TET) 
having a ttik:kness of 7 pm so as to have a thickness of 6.5 \sin. A solenoid coil was operated to perform an orienting 
process, and then a drying process, a calender process and a hardening process were pertbmied. Thus, a magnetic 
layer was formed. Then, a back coating material having the following corrposition was affiled to the surface of the PET 
film opposite to the surface on which the magnetic layer was formed. The PET film was cut to have a wklth of 8 mm so 
as to be tape shape. As a result, a coating type magnetic tape was manufactured. 
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(Composition of Back Coaling Material) 
[0137] 



Cart)on Black manufactured by Asahi Cartxvi) 


100 parts by weight 


Polyester Pdlyurethane (trade name: Nipporan N-2304) 


100 parts by weight 


Methyl ethylketone 


500 parts by weight 


Toluene 


500 parts by weight 



Examples 26 to 32 

[0138] A similar pfocess to that according to Example 25 was perfbnned except for the following liquid crystal mole- 
cules 10 to 16 employed as the lubricant in place of the liquid crystal molecule 9 so that coating type magnetic tapes 
were manufactured. 
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CbH 



17 



V / 




N N 



.. liquid crystal molecule 10 



phase trans idontemperatures: 96**C and 112°C 




... liquid crystal molecule 11 
phase transitiontemperatures: 78^C and 1025^C 



C14H29 — o 




...liquid crystal molecule 12 
phase transitiontemperatures: 84^C and 113^C 




H 



... liquid crystal molecule 13 
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phase transitiontemperatures: 34.5^C and 60®C 



10 



IS 



6^13 





...liquid crystal molecule 14 
phase transitiontemperatures: 59^C and 7 PC 



30 



3S 



CM 



5"11 




'6^13 



... liquid crystal molecule 15 
phase transitiontemperatures: Sl'^C, 65.9**C and 71®C 



liquid crystal molecule 16 



phase transitiontemperatures:52'*C and 90®C 



40 

Comparative Eifamplflfi 

[0139] A process similar to that acscx)rding to Example 25 was performed except for the lubricant which was stearic 
add which was a usual lubricant emplo/ed in place of liquid aystal molecule 9 so that a coating type magnetic tme was 
4S manufectured. 

Comparative gyamplft 7 

10140] A process similar to that according to Example 25 was performed except for the lubricant which was methyl 
60 steamte which was a usual lubricant employed in place of liquid crystal molecule 9 so that a coating type magnetic tape 
was manufactured. 

Comparative Example a 

Bs [01411 AprocesssinriilartothataccordingtoExampIe25wasperformedexceptfortheli^^ 

rate which was a usual lubricant employed in place of liquid crystal molecule 9 so that a coating type magnetic tape was 
manufactured. 
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Evaluation of Characteristics 

[0142] The magnetic tapes according to Examples 25 to 32 and Comparative Examples 6 to 8 were measured. The 
coefficient of friction and sbH durability were measured wtien tfie temperature was 25X and the relative humidity was 
60 %, the temperature was 40**C and the relative humidily was 80 % and the temperature was - S<'C. Results were 
shown in Tables 6 and 7. 

[0143] The ooeffident of friction was measured by using a usual shuttle under a load of 20 g at a tape speed of 5 
mm/lseoond. The value of the coefficient of friction was a value djtained after transporting the tape 100 times. In accord- 
ance with change in the tension, calculations were performed by using an Euler's fonmula. 
[0144] The still durabilrty was evaluated by measuring time taken to attenuation of an output in a pause state to - 3 
d& The longest measuring time was 150 minutes. 



[Table 6] 







Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Still Durability (Min- 
utes) 


Coating -Type Tape 


Example 25 


Liqud Crystal Mol- 
ecule 9 


25'»C60% 


0.20 


>150 


-5»C 


0.22 


>150 


40X80% 


0.21 


>150 


Example 26 


Liquid Crystal Mol- 
ecule 10 


25'»C60% 


0.19 


>150 


-5«C 


0.21 


>150 


40°C80% 


0.20 


>150 


Example 27 


Liquid Crystal Mol- 
ecule 11 


25<'C60% 


0.17 


>150 


-5X 


0.19 


>150 


40*C80% 


0.18 


>150 


Example 28 


Liquid Crystal Mol- 
ecule 12 


25»C60% 


0.17 


>150 


-5»C 


0.19 


>150 


40<'C80% 


0.18 


>150 


Example 29 


Ltqiid Crystal Mol- 
ecule 13 


25^*060% 


0.19 


>150 


-5»C 


0.21 


>150 


40»C80% 


0.20 


>150 


Example 30 


Liquid Crystal Mol- 
ecule 14 


25*C60% 


0.17 


>150 


-5X 


0.19 


>150 


40*'C80% 


0.18 


>150 


Example 31 


Liquid Crystal Mol- 
ecule 15 


25'*C60% 


0.20 


>150 


-5»C 


0.22 


>150 


40X80% 


0.21 


>150 


Example 32 


Liquid Crystal Mol- 


25X60% 


0.17 


>150 


ecule 16 


-5X 


0.19 


>150 




40X 80% 


0.18 


>150 
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Table 7] 



5 






Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Stilt Durability (Min- 
utes) 




Coating Type 
Tap6 


Comparative 
Exaitplee 


Stearic Add 


25<'C60% 


0:22 


90 






-5'C 


024 


10 


10 








40»C80% 


0.22 


30 






Comparative 
Example? 


Methyl Stearate 


25*'C60% 


0.28 


120 








-5*C 


0.33 


60 


IS 








40«C80% 


0.36 


90 




Comparative 
Exanpled 


Methyl Stearate 


25^60% 


0.26 


120 








-S^C 


0.35 


10 










40''C80% 


0.28 


60 



20 



[0145] As can be understood from Tables 6 and 7. the coeffident of friction of each of the magnetic tapes containing 
liquid crystal molecules 9 to 16 each serving as the lubricant was reduced and the still characteristic of the same was 
excellent as compared with ttie comparative examples containing the stearic acid or methyl stearate which was the con- 
ventional lubricant Thus, enployment of the liquid crystal molecules as the lubricant enables excellent continuous slid- 
ing resistance and low viscosity to be obtained. 

[0146] Then, the fdlowing liquid crystal molecule 17 (a cyanoalkylbiphenyl conpound) or fiquid crystal molecule 18 
(a cyanoalkoDcyb^henyl compound) was employed as the lubricant to detect a preferred amount of addition and the 
number of cartxm atoms in a hydrophobic group (Chl2)nCH3. 



so 



ss 



CH3{CH2)„- 




...liquid crystal molecule 17 



40 



-CH3(CH2), 




45 



...liquid crystal molecule 18 



60 



Experiments 1 to 5 



[0147] A process similar to that according to Example 25 was pertbrmed except for liquid crystal molecule 17 (the 
cyanoalkyi biphenyl compound) which was employed as the lubricant and n of the hydrophobic group - (CmjCH^ 
which was 7 and the amounts of addition which were 0. 1 . 0, 5. 3. 7 and 15 so that coating-type magnetic tapes were 
manufactured. 
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[0148] A process similar to that according to Example 25 was performed except for liquid crystal molecule 1 7 (the 
cyanoalkyi bphenyl corrpound) wtiich was errployed as the litoicant and n of the hydrophobic group - (CH2)nCH3 
5 which was 1 , 5 and 12 80 that coating-type magnetic tapes were manufactured. 

[01491 A process similar to that according to Example 25 was performed except for Bquid crystal molecule 18 (the 
10 cyanoalkoxy biphenyl compound) which was employed as the lubricant and n of the hydrophobic group - O {CH^ifi^ 
which was 7 and the amounts of addition which were 0. 1. 0, 5, 3, 7 and 15 so that coating-type magnetic tapes were 
manufactured. 

Experiments 14 to 16 

15 

[0150] A process similar to that according to Example 25 was performed except for Hquid ciTstal molecule 18 (the 
cyanoalkoxy biphenyl compound) which was employed as the lubricant and n of the hydrophobic group - O (CH2)nCH3 
which was 1 . 5 and 1 2 so that ooating-type magnetic tapes were manufactured. 

so Evaluation of Characteristics 

[0151 ] TTie coating-type magnetic tapes according to Experiments 1 to 1 6 were measured The coefficient of friction 
and st'll durability were measured similariy to Exarrple 25 when the temperature was 25''C and the relative humidity 
was 60 %. the temperature was - S^'C and the temperature was 40°C and the relative humidity was 80 % and Results 
25 were shown in Tables 8 and 9. 
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[Table 81 







n 


Amount of 
Addition 
(Parts by 
Weight) 


Conditions 


Coating-Type 
Tapes (Cyano 
AIk^biphen>i 
CcHnpound was 
Employed) 


Experiment 
1 


7 


0.1 


25"C60% 
40«'C80% 

-5"C 


Experiment 
2 


7 


05 


25'C60% 
40''C80% 

-s-c 


Experiment 
3 


7 


3 


-5'C 


Experiment 
4 


7 


7 


25-060% 
40-080% 

-5'C 


Experiment 
5 


7 


IS 


25'»C60% 
40'C80% 

-s-c 


Experiment 
6 


1 


3 


25»C60% 
40X80% 


Experiment 
7 


5 


3 


25"C60% 
40*C80% 

-S'C 


Experiment 
8 


12 


3 


25-060% 
40°C80% 

-s-c 
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Coefficient 
01 rnccion 


Still 
Durability 
vMinutes) 








20 




Experiment 
1 




30 








>5 






022 


>150 




Experiment 
2 


022 


>150 






0^ 


>150 






0^ 


>150 




Experiment 
3 


0^ 


>150 






022 


>150 


Coating-Type 
Tapes (Cyano 
Alk>ib]phenyl 
Compound was 
Employed) 




0.19 


>150 


Experiment 
4 


020 


>150 






023 


>150 




Experiment 
5 


0.40 


>150 




0.45 


60 






0.48 


30 






025 


60 




Experiment 

0 


026 


>60 






032 


20 






020 


>150 




Experiment 
7 


020 


>150 






021 


>150 






0.18 


>150 




Experiment 
8 


0.19 


>150 






020 


>150 
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(Table 9] 







n 


Amount of 
Addition 

(Parts by 

Weight) 


v^onuiuons 


Coating-Type 
Tapes (Cyano 
Alk)ibq>henyl 
Cmnpound was 
Employed) 


ExDenment 
9 


7 


0 1 


25°C60% 
.5°C 


JU A lUlCll %> 

10 


7 




25X60% 
40 CoO% 

-5X 


Experiment 
11 


7 


3 


25X 60% 
40X 80% 

-5X 


Expeiiment 
12 


7 


7 


25X 60% 
40X 80% 

-5X 


CApeiuucni 
13 


/ 


id 


25X 60% 
40X 80% 

-5X 


Ex nerim e n t 
14 


1 
X 


'J 


25X60% 
-5X 


Experiment 
15 


5 


3 


25X60% 
40X 80% 

-5X 


Experiment 
16 


12 


3 


25X 60% 
40X 80% 

-5X 
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s 






Coefficient 
of Friction 


SdU 
Durability 
(Minutes) 








025 


20 






Experiment 
9 


026 


30 


10 






OJO 


>5 








022 


>150 






Experiment 
10 


023 


>150 


IS 






025 


>150 








0.20 


>150 






Experiment 
11 


021 


>150 


20 






023 


>150 




Coating-Type 
Tapes (Cyano 
Alkylbiphenyl 
Ccxnpound was 
Employed) 




0.19 


>150 


25 


Experiment 
12 


0.20 


>150 








023 


>150 


30 






0.41 


>150 






Experiment 
13 


0.46 


60 








0.48 


30 


35 






025 


60 






Experiment 
14 


026 


>60 








0.33 


20 


40 






0.20 


>150 






Experiment 

ID 


021 


>150 








022 


>150 


45 






0.19 


>150 






Experiment 
16 


020 


>150 








021 


>I50 



60 



[0152] As can be understood from resulte shown in Tables 8 and 9. it Is preferable that the amount of addition of the 
liquid crystal molecules is 0.5 part by weight to 10 parts by weight with respect to 100 parts by weight of ferromagnetic 
powder. In general, the friction and still characteristics can be improved in proportion to the amount of addition of the 
liquid crystal molecules. An optimum amount exists in the foregoing amount of addition. If the amount of the added liq- 
uid crystal molecules is enlarged excessively, sticking easily occurs. Thus, the coefficient of friction is undesirably raised 
and the still characteristic deteriorates. 

[0153] Moreover, it is preferable that the number of carbon atoms in the hydrophobic group of each of the liquid crystal 
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molecules 17 and 18 is 3 to 15. If ttie number of cart>on atoms is 2 or smaller, the length of the hydrophobic groip is 
too short to obtain satisfactory friction and still characteristics. 

[0154] Then, the lubricant was not contained in the magnetic layer and the same was appGed as a top coat on the 
surface of the magnetic layer to exanine a suitable amount of coating. 

&q>griTT1gntg17tQ23 

I0155J Liquid crystal rrolecule 1 7 (the cyanoalkyi bipheny! compound) havring the hydrophobic group - (ChynCHg in 
which n was 7 and serving as the lut>ricant was not added to the magnetic layer. The surface of the magnetic layer was 
top-coated with the lubricant The amounts of coating was 0. 3. 1 . 5. 10. 35, 50 and 100. respectively A sinvlar process 
to that aocorcfing to Example 25 was performed except for the foregoing arrangement so that a ooating-type magnetic 
tape was manufactured. 

Experiments 24 to 30 

[0156] Liquid crystal molecule 18 (the cyanoalkoxy biphenyl compound) having the hydrophobic group - O (CH2)nCH3 
in which n was 7 and serving as the lubricant was not added to the magnetic layer. The surface off the magnetic layer 
was top-coated with the lubricant The amounts of coating was 0. 3. 1. 5, 10, 35. 50 and 100, respectively A similar 
process to that according to Example 25 was performed except for the foregoing arrangement so that a coating-type 
magnetic tape was manutiactured. 

Evaluation of Characteristics 

[0157] The coating-type magnetic tapes according to Experiments 1 7 to 30 were measured. The coefficient of friction 
and still durability were measured similarly to Example 25 when the temperature was 25'*C and the relative humidity 
was 60 %, ttie tenperature was - 5''C and the temperature was 40*^0 and the relative humidity was 80 %. Results were 
shown in Tables 10 and 1 1 . 
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[Table 10] 







n 


Amount of 
Coating 
(mg/m2) 


Conditions 


Coating-Type 
Tapes (Cyano 
Alk^biphenyl 
C(xnpoundwas 
Employed) 


^ A iUivU i 

. 17 


7 




25X60% 

40 C 80% 

-5X 


18 


1 


1 


25X 60% 
40X80% 

-5X 


Experiment 
19 


7 


5 


25X 60% 
40X80% 

-5X 


Experiment 
20 


7 


10 


25X 60% 
40X 80% 

-5X 


cxpenment 
21 


7 


30 


25X 60% 
40X80% 

-5X 


ExDeriment 
22 


7 


50 


25X60% 
-5X 




Experiment 
23 


7 


100 


25X 60% 
40X 80% 
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Coefficient 
ofrncbon 


Still 
Dorabili^ 
(Minutes) 






0.26 


20 




Experiment 
17 


0.27 


30 






0.31 


>5 






0.22 


>150 




Experiment 
18 


0.22 


>150 






OJ55 


>150 






0.20 


>150 




Experiment 
19 


0.21 


>150 






0.25 


>150 


Coating-T)pe 
Tapes (Cyano 
AIkoxybq>henyl 
Compound was 
Employed) 




0.20 


>150 


Experiment 
20 


0.21 


>150 






0.24 


>150 






0.19 


>150 




Experiment 
21 


0.20 


>150 






0.22 


>150 






0.19 


>150 




Experiment 
22 


0.20 


>150 






022 


>150 






0.46 


>150 




Experiment 
23 


0.48 


60 






0J2 


30 
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[Table 11] 







n 


Amount nf 
Coating 
(mg/m2) 


CcMiditions 


Coating-Type 
Tapes (Cyano 
Alkylbiphenyl 
Compound was 
Employed) 


T*Y rv»rim#»nf 
CApci uucn i 

24 


7 




25"'C60% 


CApenment 
25 


/ 


1 


25*C60% 
40 C80% 

-S'C 


Experiment 
26 


7 


5 


25«C60% 
40«'C80% 

-5°C 


Experiment 
27 


7 




25'C60% 
40''C80% 

-5»C 


Experiment 
28 


7 


30 


25'C60% 
40''C80% 

-5-C 


^ A LIVA lUl Wll L 

29 


7 


en 


25X 60% 
-5*C 


Experiment 
30 


7 


100 


25''C60% 
40°C80% 

-5-C 
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5 








ouli 
UUTZDulty 






ExDerimfitit 
24 


0.27 


20 






028 


jyj 


TO 






031 










0.22 


>I50 






c A pcmnen c 




> 150 


15 








^ 1 <A 






Experiment 
26 


0.21 


>150 






0.22 


>150 


20 






0.25 


>150 




Coating-Type 
i apes (uyano 
Alkox)^q)hen>i 
compounG was 


Experiment 
27 


0.21 


>150 


25 


0.22 


>150 










> 150 


30 


- 


cxpenment 


0.20 


>150 






0.21 


> 150 










^ 1 CA 
> 1 JU 


35 






0.19 


>150 






c« A peiuneii c 
29 




> 150 








0.22 


>150 


40 






0.46 


>150 






Expoiment 
30 


0.48 


60 








0.52 


30 



45 



[0158] As can be understood from resuHs shown in Tables 10 and 1 1 . addition of the liquid crystal molecules to the 
inside portion of the magnetic layer as the lubricant and coating of the same to the surface of the magnetic layer enable 

so an exc^lent result to be obtained. 

[0159] H is preferable that the amount of coating of the liquid crystal molecules is 1 mg/m^ to 50 mgAn^. in general, 
the friction and stiU characteristics can be improved in proportion to the amount of addition of the liquid crystal mde^ 
cules. An optimum amount exists in the foregoing amount of addition. If the amount of the added liquid crystal mole- 
cules is enlarged excessively, sticking easily occurs. Thus, the coefficient of friction is undesirably raised and the still 

55 character^'c deteriorates. 

[0160] Then, the lubricant was not added to the inside portion of the magnetic layer and the same was added to the 
inside portion of the backcoat layer to examine a suitable amount of coating. 
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Experiments 31 to 33 

[01611 Liquid crystal molecule 17 (the cyanoalkyi biphenyl compound) having the hydrophobic group - (CH2)nCH3 in 
which n was 7 and serving as the lubricant was not added to the magnetic layer. The lubricant was added to the Inside 
portion of the backcoat layer such that the amounts of coating was 5. 10 and 20, respectively A similar process to that 
according to Example 25 was perfonned ewept for the foregoing arrangement so that a coating-type magnetic tape 
was manufactured. 

Experiments 34 teas 

[01 62] Liqukj crystal molecule 1 8 (the cyanoaikoxy biphenyl compound) having the hydrophobic group - O (ChynCHa 
in which n was 7 and serving as the lubricant was not added to the magnetic layer. TTie lubricant was added to the inside 
portion of the backcoat layer such that the amounts of coating was 5, 1 0 and 20, respectively A similar process to that 
according to Example 25 was peribmfied esrcept for the foregoing arrangement so that a coating-type magnetic tape 
was manufactured. 

Evaluation of Characteristics 

[01631 The coating-type magnetic tapes according to Experiments 31 to 36 wwe measured. The coefficient of friction 
and still durability were measured simiiarty to Exanple 25 when the temperature was 25*»C and the relative humidity 
was 60 %. the temperature was - 5«C and the temperature was 40*C and the relative humidity was 80 %. Results were 
shown in Tables 12 and 13. 



[Table 12] 







h 


Amount of Addi- 
tion (Parts by 
WetghO 


Conditions 


Coefficient Of Fric- 
tion 


Still Durability 
(Minutes) 


Coating -Type 
Tape 


Experiment 31 


7 


5 


25X60% 


0.22 


>150 








40*C80% 


0.21 


>150 










-5*C 


0.25 


>150 




Experiment 32 


7 


10 


25*C60% 


0.19 


>150 










40*C80% 


0.20 


>150 










-5»C 


0.21 


>150 




Experiment 33 


7 


20 


25X 60% 


0.21 


>150 










40*C80% 


0.21 


>150 










-5«»C 


0.22 


>150 
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[Table 13] 







n 


Miiiuum ui nOur 

tion (Parts by . 
WeighQ 


vonuiuons 


uoenicient oi ruc- 
tion 


still Durability 
(Minutes) 


Coating -Type 
Tape 


Experiment 34 


7 


5 


25'»C60% 


0.22 


>150 








40»C80% 


0^ 


>150 












025 


>150 




Experiment 35 


7 


10 


25*^060% 


0.19 


>150 










40^080% 


020 


>150 










-s»c 


022 


>150 




Experiment 36 


7 


20 


25^060% 


02^ 


>150 










40»C80% 


0.21 


>150 












0.23 


>150 



[0164] As can be understood from results shown in Tables 12 and 13, addition of the liquid crystal molecules to the 
inside portion of the magnetic layer as the lubricant or addition of the same to the inside portion of the backooat layer 
enable excellent results to be obtained. 

[0165] It » preferable that the amount of addition of the liquid crystal molecules is 5 parts by weight to 20 parts by 
weight 

(Manufacturing of Thin Metal-Magnetic-Film Type Magnetic Tape) 
Example 33 

[0166] Initially, the surfece of the PET fUm having a thickness of 10 pm was coated wHh Co-Ni alloy by a diagonal 
evaporation method so that a fen-omagnetic thin metal film having a thickness of 100 nm was formed. Then, sputtering 
was peribrmed so that a cartxxi protective film having a thickness of 10 nm was formed on the surface of the ferromag- 
netic thin metal film. Then, liquid crystal molecule 9 which was the lubricant was applied to the surface of the carbon 
protective film. The quantity of applied liquid crystal molecule 9 was 1 0 xvQixt?. The PET f 0ms were cut to have the width 
of 8 mm so that tapes were mamilactured. Thus, thin metal magnetic tapes were manufactio-ed. 

Exan^les34to4Q 

[0167] A process similar to that according to Example 33 was peribrmed except for liquid crystal molecules 10 to 16 
employed as the lubricants in place of liqukl aystal molecule 9 so that thin metal magnetic tapes were manufactured. 

Comparative Examplfi 9 

[0168] A process similar to ttiat according to Example 33 was performed except for stearic acid which was a usual 
lubricant and which was employed in place of fiquid crystal molecule 9 so ttiat ttiin metal magnetic tapes were manu- 
factured. 

CoiTPamtive&fflPfipielQ 

[01 69] A process similar to that according to Example 33 was perfonned except for methyl stearate which was a usual 
lii>ricant and which was employed in place of liquid crystal molecule 9 so ttuit thin metal magnetic tapes were manu- 
factured. 

Comparative Examples 1 1 to IS 

[0170] A process similar to that according to Example 33 was performed exc^ for the folfowing higher fatty ackJs 1 
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to 5 which were enployed in place of liquid crystal molecule 9 so that thin nrtetal-magnetic-f flm type magneto tapes 
were manufactured. Note that p in the chemical formula 85 was determined such that p = 10 in higher fatty acid 1, p o 
2 in higher tatty add 2, p = 1 5 in higher fatty ackJ 3, p = 1 7 in higher fatty acid 4 and p = 20 in higher fatty add 5. 

« CH3(CH2)pCXX5H 

[01711 The thin metal-magnetic-fflm type magnetic tapes according to Examples 33 to 40 and Conparative Exanples 
10 9 to 15 were measured. The coeffident of friction and still durability were measured similar to Exanple 25 when the 
temperature was 25*C and the relative humidity was 60 %. the temperature was - 5*C and the tenperature was 40*'C 
and the relative humidity was 80 %. Results were shown in Tables 14 and 16. 



15 [Table 14] 









Lubricant 


Conditions 


Coeffident of Fric- 
tion 
uon 


Still Durability (Min- 
uies) 




Thin Rim Ivne 

Tapes 




LiC|uia wTysiai moi* 
ecule 9 




0.21 


>150 


20 






U.CO 


> lOO 










■HI O OUto 


U.&O 


^ 4 tZf\ 

> loO 








I-M^UKJ V,/f yolai IVlOi* 

ecule 10 


do \j duto 


0.18 


> 150 


25 








n on 


> loo 










dQ^Cs ftn%. 


n 1Q 


. M CA 








1 intiiH rVvctal Mnl. 
u^ulwJ wf jroicii iviui 

ecule 11 


dO \j DUtd 


U.4C£ 


> 150 


SO 






w w 




> 10U 








40*C80% 




^ 4CA 






Exanple36 


Liquid Crystal Mol- 
ecule 12 


25*C60% 


0.21 


> 150 








-5'»C 


0.23 


>150 


35 








40«C80% 


0.23 


>150 






Example 37 


Liquid Crystal Mol- 
ecule 13 


25*C60% 


0.18 


>150 








-5*C 


0.20 


>150 


40 








40*C80% 


0.19 


>150 




Exanple38 


Liquid Crystal Mol- 
ecule 14 


25*C60% 


0.22 


>150 








.50c 


0.24 


>150 










40''C80% 


0.23 


>150 


45 




Exaniple39 


Lk^uid Crystal Mol- 
ecule 15 


25*C60% 


0.21 


>150 








-5^C 


0.23 


>150 










40«C80% 


0.23 


>150 






Example 40 


Liquid Crystal Mol- 


25^C60% 


0.21 


>150 


SO 






ecule 16 


-5*C 


0.23 


>150 










40<'C80% 


0.23 


>150 



ss 
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10 







UA>ricarit 


Conditions 


Coefficient of Fric- 
tion 


Still Durability (Min- 
utes) 


Thin Rim Type 
Tapes 


Comparative 
Examples 


Stearic Add 


25^C60% 


0.22 


60 


-S-^C 


0.25 


5 


40*C80% 


0.23 


10 


Comparative 
Example 10 


Methyl Stearate 


25*»C60% 


0.29 


100 


-S^C 


0.35 


40 


4(r*C80% 


0.38 


60 



[Table 16] 









P 


Conditions 


Coefficient of Friction 


Still Durability (Min- 
utes) 




Thin Rim Type Tapes 


Comparative Example 
11 


10 


25°C60% 


0.25 


>150 


25 






40»C80% 


0.28 


>60 










-5'C 


0.35 


6 






Conparative Example 
12 


12 


25°C60% 


0.25 


>150 


30 






40°C80% 


0.28 


>60 










-5"C 


0.35 


6 






Comparative Example 
13 


15 


2S»C60% 


0.25 


>150 








40^C80% 


0.28 


>60 


35 








-5»C 


0.35 


6 






Comparative Exarrple 


17 


2yC60% 


0.25 


>150 






14 




40»C80% 


0.28 


>60 


40 








-5"C 


0.35 


6 






Comparative Example 
15 


20 


25»C60% 


0.25 


>150 








40»C80% 


0.28 


>60 










^•c 


0.35 


6 



45 



[0172] As can be understood from Tables 14 to 16. tiie coefficient of fnction of each of ttie magnetic tapes containing 
liquid crystal molecules 9 to 16 each serving as the lubrtoant was reduced and the still characteristic of the same was 
excellent as compared wHh the comparative examples containing ttie stearic add, methyl stearate or higher fatty acid 
which was the conventional liAwicant Thus, employment of the liquid crystal molecules as the lubricant enat)le8 excel- 
50 lent continuous sliding resistance and low viscosity to be obtained. 

[0173] As can be understood from the results, an excellent lubricating effect can be obtained witti ttie coating type 
magnetic tape and the ttiin metal-magnetic-film type magnetic tape. 

[0174] Then, ttie above-mentioned liquid crystal molecule 17 (the cyanoalkytoiphenyl compound) was employed as 
ttie lubricant to detect a preferred amount of addition and ttie number of carbon atoms in a hydrophobic group 
(CHdnCHs. 
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Expefjmefng97tp4e 

[0175] A process similar to that acxx)rding to Example 33 was performed except for liquid crystal molecule 17 (the 
cyanoalkyi biphenyl compound) which was employed as the lubricant and n of the hydrophobic group - (CH2)nCH3 
which was ctanged to 3 to 1 5 so that thin metal-magnetic-film type magnetic tapes were manufactured. 

Evaluation of Characteristics 

[0176] The nwgnetic tapes according to Experiments 37 to 46 were measured. The coeff ident of friction and still dura- 
bility were measured similariy to Example 25 when the tenperature was 25*'C and the relative humidity was 60 %. the 
temperature was - 5*»C and the temperature was 40^C and the relative humidity was 80 % and Results were shown in 
Tables 17 and 18. 



[Table 17] 







n 


r^nnHifinnc 


VATenidBm oi rncnon 


snii DuratMlity (Minutes) 


Thin Rim Tapes (Cyano 
All^lblphenyt Compound 
was Employed) 


Experiment 37 


3 


25^*0 60% 


0.20 


> lOU 






40«C80% 


0.21 


>150 








-5*C 


0^5 


>150 




Experiment 38 


4 


25*C60% 


0.19 


>150 








40^0 80% 


0.21 


>150 








-5«C 


0.24 


>150 




Experiment 39 


5 


25*»C60% 


0.19 


>150 








40X 80% 


0.21 


>150 










0.24 


>150 




Experiment 40 


6 


25X60% 


0.18 


>150 








40X80% 


0.20 


>150 








-5X 


0.23 


>150 




Experiment 41 


7 


25X 60% 


0.20 


>150 








40X80% 


0.21 


>150 








-5X 


0.23 


>150 
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n 


Conditions 


Coefficient of Friction 


Still Durabirity (Minutes) 


Thin Rim Type Tapes 

^v/yono Miiujxyuipricnyi 

Compound was 


Experiment 42 


8 


2S»C60% 


0.19 


>150 






40*C80% 


0.20 


>150 


Employed) 






-5»C 


0^1 


> 150 




Experiment 43 


9 


25»C60% 


0,18 


>150 








40*»C80% 


0.20 


>150 








-5^C 


0.23 


>150 




Experiment 44 


11 


25«C60% 


0.18 


>150 








40*0 80% 


0.19 


>150 








.5*C 


0.21 


>150 




Experiment 45 


13 


25°C60% 


0.18 


>150 








4a'C80% 


0.20 


>150 








-5*'C 


0.22 


>150 




Experiment 46 


15 


25*C60% 


0.18 


>150 








40«C80% 


0.20 


>150 








-5«C 


0.22 


>150 1 



[01 77] As can be understood from results shown in Tables 1 7 and 1 8. it is preferable that the nun*er of carbon atoms 
in the hydrophobic group is 3 to 15. If the number of carix>n atoms is 2 or smaller, the length of the hydrophobic group 
is top short to obtain satisfactory friction and still characteristics. If the number of carbon atoms is 16 a larger, the dis- 
solving characteristic deteriorates when the lubricant is applied to the suriace of the magnetic layer. 



{Manufacturing of Thin Metal-Magnetic-RIm Type Magnetic Disc) 
Example 41 

10178] Initially, sputtering was peribrmed so that a NIP base fOm having a thickness of 10 |im. a Cr intermediate layer 
having a thickness of 0.5 jim, a Co-Cr-Pt magnetic layer having a thickness of 60 nm and a carbon protective f flm having 
a thickness of 20 nm were sequentially fonned on a mimor-polished suriace of an aluminum alloy substrate and having 
a diameter of 3.5 inches. The roughness of the surftice of the magnetic disc was 1 .2 nm as average roughness (Ra) 
along the center line. 

[0179] Then, lubricant was prepared in which iquid crystal molecule 9 was dissolved in chloroform at a concentration 
of 0.01 wt%. The foregoing nrwgnetk: disc was dipped in the lubricant so that liquid crystal molecule 9 was applied to 
the suriace of the magnetic disc. Ihe application was performed such that the duration in the lubricant was 180 seconds 
and raising speed from the lubricant was 0.25 mm^econd. Then, the magnetk: disc was dipped in pure chlaoform so 
as to remove liquid crystal molecule 9 adhered excessively from the magnetic disc. Thus, a lubricating film having a 
total thickness of 2.5 nm (measured by an ellipsometer) and a quantity of application was 10 mgMi^ was fonned. As a 
result, a thin metal-magnetic-f ilm type magnetic disc was manufactured. 

[0180] A process similar to that according Example 41 was peribrmed except for liquid crystal molecules 10 to 16 
which were employed as the liixicants in place of liquid crystal molecule 9 so that thin metalnnagnetic-f Sm type mag- 
netic discs were manufactured. 

Comparative Example 16 

[0181] A process similar to that according Example 41 was performed except for the following fluorine lubricant (hav- 
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I'ng a molecular weight of 4000) which was enployed as the lukxicant in place of liquid crystal molecule 9 so that thin 
metal-magnetic-film type magnetic disc was manufactured. 

HO-CH2CF2(CXF2CF2)m(OCF2)nCF2CH2-OH 

Eyaiwtipp Of Charartgrigtigg 

[0182] Each of the magnetic discs obtained as desaibed above and according to Examples 41 to 48 and Corrparative 
Bfflmple 1 6 was mounted on a hard disc apparatus to measure a maximum coeff id ent of static friction, a dynamic coef- 
ficient of friction and number of rounds at which a head crash took place. Results were shown in Table 19. 
[0183] The maximum coefficient of static friction was measured such that the magnetic cfisc was rotated at low speed 
in a state in which the head sTider and the magnetic disc were in contact with each other to measure frictional force pro- 
duced immediately after the rotation. The measurement conditions were such that the pressing load of the head was 5 
g and the number of revolutions of the disc was 1 rpm. 

[0184] The dynamic coefficient of friction was measured such that the head slider was continuously slid 200,000 times 
in a state In which the head slider was in contact with the magnetic disc so as to measure generated maximum frictional 
force. Measurement conditions were such that the pressing load of the head was 5 g and the nurrter of revolutions was 
150 rpm. If head crash occurs after the disc was rotated 200.000 times or less, the maximum frictional force produced 
until the head crash took place was measured. 

[0185] The head aash of ttie magnetic disc is a state in whk:h the carbon protective film which is the base of ttie lubri- 
cating film is completely worn and ttie magnetic f flm is exploded outside. If the head crash occurs, visible sIkJe scars 
are fbnned. At this time, the experiment was interrupted and the number of rotations was recoided. Note that the max- 
imum number of rotations was 200,000 times. 



rable 19] 







Lubricant 


Maximum Coeffi- 
cient of Static 
Friction 


Dynamic Coeffi- 
cient of Riction 


Number of Rota- 
tions when Crash 
Took Places 


Thin Film Type 
Magnetic Disc 


Example 41 


Uquid Crystal 
Molecule 9 


0.20 


0.21 


>200k 




Example 42 


□quid Crystal 
Molecule 10 


0.19 


0.20 


>200k 




Example 43 


Liquid Crystal 
Molecule 11 


0.21 


0.21 


>200k 




Example 44 


Liquid Crystal 
Molecule 12 


0.19 


0.21 


>200k 




Example 45 


Lk^uid Crystal 
Molecule 13 


0.20 


0.21 


>200k 




Example 46 


Uquid Crystal 
Molecule 14 


0.20 


0.21 


>200k 




Example 47 


Liqukl Crystal 
Molecule 15 


0.21 


0.22 


>200k 




Example 48 


Liqud Crystal 
Molecule 16 


0.19 


0.20 


>200k 




Comparative 
Example 16 


Ruorine Lubri- 
cant 


0.21 


0.21 


100k 



[0186] As can be undwstood from Table 1 9, the magnetic discs each incorporating tiie liquid crystal molecules as ttie 
liijricant resulted In ttie maximum coeffkaent of static friction and dynamfc coefffeient of friction siinilar to those of ttie 
magnetic discs according to ttie comparative exanples. Moreover, ttie number of rotations perfomied until ttie head 
crash took place was enlarged. Thus, a fact can be understood ttiat use of ttie liqiid crystal molecules as ttie lubricant 
enables excellent continuous slkling resistance, kiw viscosity and large meniscus fbrce to be obtained. 
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(Manufacturing of Coating-Type Magnetic Tape ) 

[0187] Initially, ferromagnetic powder, a binder, additives, a lubricant and solvent having the following corrpositions 
were kneaded by an extruder, and then dispersed for 6 hours by a sand null. Thus, a magnetic coating material was 
prepared. 

(Composition of Magnetic Coating Material ) 
[0188] 



Fe Metal Ferromagnetic Powder (coercive force = 160 kA/m. amount of saturation magneti- 
zation B 1 45 Am^/kg. specific surface area s 51 m^/g. lengtti of major axis s 0.08 |im and 
needle ratio s 3) 


100 parts by weight 


Polyvinyl Chloride Resin (MR-1 10 manufactured by Japanese Geon) 


14 parts by weight 


Polyester Polyurethane (MQ-130 manufectured by Toyo Spinrting) 


3 parts by weight 


Additive (AI2Q3) 


5 parts by weight 


Lubricant (ttie following liquid crystal molecule 1 9) 


3 parts by weight 


Methylethylketone 


150 parts by weight 


CTyclohexanone 


150 parts by weight 




...liquid crystal molecule 19 



[0189] Then. 3 parts by weight of polyisocyanate were added to the obtained magnetic coating material. The coating 
material for making a magnetic layer was applied to the surface of polyethylene ter^shthalate (hereinafter called "PET) 
having a tiiickness of 7 ^m so as to have a thickness of 6.5 pm. A solenoid coil was operated to perform an orienting 
process, and tiien a drying process, a calender process and a hardening process were performed. Thus, a magnetic 
l^er was formed. Then, a back coating material having the fbtlowing composition was applied to the surface of ttie PET 
fOm opposite to ttie surface on wttich the magnetic layer was fomied. The PET fflm w^ 
as to be tape shape. As a result a coating type magnetic tape was manufactured. 

(Composition of Back Coating Material > 

[0190] 



Caibon Black (#50 manufactured by AsaN Carbon) 
Polyester Polyuretfiane (trade name: Nlpporan N -2304) 



100 parts by weight 
100 parts by weight 
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Methylethylketone 


500 parts by weight 


Toluene 


500 parts by weight 



101911 A similar process to that according to Example 49 was performed except for the following liquid crystal mole- 
cules 20 to 26 anplpyed as the lubricant in place of the liquid crystal molecule 19 so that coating type magnetic tapes 
were manufactured 




... liquid crystal molecule 21 
phase transitiontempera tares: 79.9''C and 147,6**C 
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... liquid crystal molecule 22 
phase transitiontemperatures: 63.7^C and 93^C 




... liquid crystal molecule 23 
phase transitiontemperature: SP.S^'C 



N 




... liquid crystal molecule 24 
phase transitiontemperature: 98^C 




N — 




.. liquid crystal molecule 25 
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phase transitiontemperature: 203 *C 




... liquid crystal molecule 26 
phase transitiontemperature: 109'*C 



ComparativB Example 17 



(01921 A process similar to that according to Example 49 was performed except for the lubricant which was stearic 
acid which was a usual lut)ricant empioyed in place of liquid crystal molecule 1 9 so that a coating type magnetic tape 
was manufactured. 



CgmparrtiyQ gxamplp 18 

101931 A process similar to that according to Exanr^le 49 was perfbmied except for the lidyicant which was methyl 
stearate which was a usual lubricant employed in place of liquid crystal nmlecule 19 so that a coating type magnetic 
tape was manufactured. 



Evaluation of CharacterlsHcs 

[01941 The magnetic tapes accoiding to Examples 49 to 56 and Comparative Exarrples 1 7 and 18 were measured. 
The coefficient of friction and still durability were measured when the temperature was 25"C and the relative humidity 
was 60 %. the temperature was 40*0 and the relative humidity was 80 % and the terrperature was - Results were 
shown in Tables 20 and 21 . 

[01951 The coefficient of friction was measured by using a usual shuttle under a load of 20 g at a tape speed of 5 
mm^second. The value of the coefficient of friction was a value obtained after transporting the tape 100 times. In accord- 
ance with change in the tension, calculations were performed by using an Euler's fomiula. 
[0196] The still durability was evaluated by measuriiig time taken to attenuation of an output in a pause state to - 3 
dB. The longest measuring time was 150 minutes. 



[Table 201 





Lubricant 


Environmental Temper- 
ature 


Coefficient of Friction 


Still Durability (Minutes) 


Example 49 


Liquid Crystal Molecule 
19 


25»C60% 


0.17 


>150 


-5»C 


0.19 


>150 


40«C80% 


0.18 


>150 


Example 50 


Liquid Crystal Molecule 
20 


25<'C60% 


0.17 


>150 


-5*C 


0.19 


>150 


40'C80% 


0.18 


>150 
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Lubricant 


Environmental Temper- 
ature 


Coefficient of Friction 


Still Durabifrty (Minutes) 


Example 51 


Liquid Crystal Molecule 
21 


25°C60% 


0.20 


>150 


-5*C 


0.22 


>150 


40°C80% 


0.21 


>150 


Exanple52 


Liquid Crystal Molecule 
22 


25*060% 


0.19 


>150 


^c 


0^1 


>150 


40»C80% 


0.20 


>150 



[Table 21] 



45 





Lubricant 


Environmental Tem- 
perature 


Coefficient of Friction 


Still Durability (Min- 
utes) 


Example 53 


Liquid Crystal Mole- 
cule 23 


ZO 0 00% 


0.19 


> 150 


-5*C 


0 91 


> I3U 


40»C80% 


0.20 


>150 


Example 54 


Liquid Crystal Mole* 
cute 24 


25»C60% 


0.20 


>150 


-5*C 


0.22 


>150 


40^*080% 


0J21 


>150 


Example 55 


Liquid Crystal Mole- 
cule 25 


25'*C60% 


0.17 


>150 


-5«C 


0.19 


>150 


40*C80% 


0.18 


>150 


Example 56 


Liquid Crystal Mole- 
cule 26 


25«C60% 


0.17 


>150 


-5°C 


0.19 


>150 


40*C80% 


0.18 


>150 


Comparative Exam- 
ple 17 


Stearic Add 


25»C60% 


022 


90 


•5»C 


0.24 


10 


40'»C80% 


0.22 


30 


Comparative Exam* 
pie 18 


Methyl Stearate 


25"C60% 


0^8 


120 


-5^C 


0.33 


60 


40*C80% 


0.36 


90 



[0197] As can be understood from Tables 20 and 21 , the coefficient of friction of each of the magnetic tapes containing 
so liquid crystal molecules 1 9 to 26 each serving as the lubricant was reduced and the still chaFacteristic of the same was 
excellent as compared with the comparative examples containing the stearic add or methyl stearate which was the con- 
ventional lubricant Thus, employment of the liquid aystal molecules as the lubricant enables excellent continuous slid- 
ing resistance and low viscosity to be obtained. 
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(Manufacturing of Thin Metal-Magnetic-Film Type Magnetic Tape) 
Examples? 

[0198J InitiaOy, the surface of the PET film having a thickness of 10 jim was coated with Co-Ni aUoy by a diagonal 
evaporation method so that a ferromagnetic thin metal film having a thickness of 100 nm was fbmied. Then, sputtering 
was performed so that a carbon protective film having a thickness of 10 nm was formed on the surface of the fen-omag- 
netic thin metal film. Then. liquid crystal molecule 19 which was the lubricant was applied to the carbon protective film 
The quantity of applied liquid crystal molecule 19 was 10 mg/m2. The PET films were cut to have the width of 8 mm so 
that tapes were manufactured. Thus, thin metal magnetic tapes were manufoctured. 

Examples 58 to 64 

I0199I A process similar to that according to Example 57 was performed except for liquid crystal molecules 20 to 26 
employed as the lubricants in place of liquid crystal molecule 1 9 so that tWn metal magnetic tapes were manufactured. 

Comparative Example 19 

[0200] A process similar to that according to Example 57 was performed except for stearic add which was a usual 
liiDricant and which was employed in place of liquid crystal molecule 19 so that thin metal magnetic tapes were manu- 
factured. 

Comparative Exan^e 20 

[0201] A process similar to that according to Example 57 was performed except for methyl stearate which was a usual 
lil>ricant and whteh was employed in place of liquid crystal molecule 19 so that thin metal magnetic tapes were manu- 



Evaluation o f Characteristics 

[0202] The magnetic tapes according to Exanples 57 to 64 and Comparative Examples 19 and 20 were measured. 
The coefficient of friction and stilt durability were measMred similar to Example 49 when the tenperature was 25»C and 
the relative humidity was 60 %, the temperature was - 5*C and the temperature was 40*C and tiie relative humidity was 
80 %. Results were shown in Tables 22 and 23. 



[Table 22] 





Lubricant 


Environmental 
Temperature 


Coefficient of 
Friction 


Still Durability 
(Minutes) 


Example 57 


Liquid Crystal Molecule 19 


25"C60% 


0.22 


>150 


-5»C 


0.24 


>150 


40*'C80% 


0^3 


>150 


Example 58 


Liquid Crystal Molecule 20 


25*C60% 


0.21 


>150 


•5*'C 


0.23 


>150 


40''C80% 


0.23 


>150 


Example 59 


Liquid Crystal Molecule 21 


25»C60% 


0.18 


>150 


-5«C 


0.20 


>150 


40«C80% 


0.19 


>150 


Example 60 


Liquid Crystal Molecule 22 


25*'C60% 


0.21 


>150 


•5»C 


0.23 


>150 


40*C80% 


0.23 


>150 
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Lubricant 


Environmental 
Temperature 


Coefficient of 
Friction 


Still DurabiOty 
(Minutes) 


Example 61 


Liquid Crystal Molecule 23 


25°C60% 


022 


>150 




QM 


>150 


4(rC80% 


02B 


>150 


Example 62 


U^uid Crystal Molecule 24 


25»C60% 


0.18 


>150 


-S^C 


0.20 


>150 


40<'C80% 


0.19 


>150 


Example 63 


Liquid Crystal Molecule 25 


25'C60% 


0.21 


>150 


-S'^C 


0.23 


>150 


40«C80% 


0.23 


>150 


Example 64 


Liquid Crystal Molecule 26 


25»C60% 


0.21 


>150 


-5»C 


0.23 


>150 


40^C80% 


0.23 


>150 


Comparative 
Example 19 


Stearic Add 


25''C60% 


022 


60 


-5*C 


0.25 


5 


40«C80% 


0.23 


10 


Comparative 
Example 20 


Methyl Stearate 


25'C60% 


0.29 


100 


-5«C 


0.35 


40 


40<'C80% 


0.38 


60 



[0203] As can be understood from Tables 22 and 23. the coefficient of friction of each of the magnetic tapes containing 
liquid aystai molecules 19 to 26 each serving as the lubricant was reduced and the still characteristic of the same was 
excellent as compared with the comparative examples containing ttie stearic acid or methyl stearate which was the con- 
ventional lubricant Thus, employment of the liquid crystal molecules as the lubricant enables excellent continuous end- 
ing resistance and low viscosity to be obtained. 

[0204] As can be understood from the results, an excellent lubricating effect can be obtained with ttie coating type 
magnetic tape and the thin metal magnetic tape. The lubricating f am may be fomried by the containing metiiod enployed 
for the coating type magnetic tape or the top coating method enployed for the thin metal magnetic tape to obtain excel- 
lent characteristics. 

(Manufacturing of Thin Metal-Magnetic-RIm Type Magnetic Disc> 
Example 65 

[0205] Initially, sputtering was peribrmed so that a NIP base fOm having a thickness of 10 iim, a Cr intermediate layer 
having a ttiickness of 0.5 jim, a CoO-R magnetic layer having a thidmess of 60 nm and a carbon protective film having 
a tiiickness of 20 nm were sequentially formed on a mirror-polished surface of an aluminum alloy substrate and having 
a diameter of 3.5 inches. The roughness of the surface of tiie magnetic disc was 1 .2 nm as average roughness (fte) 
along the center line. 

[0208] Then, lubricant was prepared in which liquid crystal molecule 1 9 was dissolved in chloroform at a concentration 
of 0.01 wt%. The foregoing magnetic disc was dpped in the lubricant so that liquid crystal molecule 19 was appfied to 
the sur^ce of the magnetic disc. The application was performed such that tfie duration in the lubricant was 1 80 seconds 
and raising speed from the lubricant was 0.25 mm/second. Then, ttie magnetic disc was dipped in pure chlorofomi so 
as to remove liquid crystal molecule 19 adhered excessively from ttie magnetic disc. Thus, a lubricating film having a 
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total thickness of 2.5 nm (measured by an ellipsometer) and a quantity of application was 10 mg/im^ was formed. As a 
resutt, a thin metal-magnetic-fitm type magnetic disc was manufactured. 

faampleseetp 72 

[Q207] A process similar to that according Example 65 was performed except for liquid crystal molecules 20 to 26 
which were employed as the lubricants In place of liquid aystal molecule 1 9 so that thin metal-magnetic-film type mag* 
netic discs were manufactured. 

Comparative Exampte 21 

[Q208] A process similar to that according Example 65 was performed except for the following fluorine lubricant (hav- 
ing a molecular weight of 4000) which was employed as the lubricant in place of liquid crystal molecule 19 so that thin 
metal-magnetic-film type magnetic disc was manufactured. 

HO-CH2CF2(OCF2CF2)m(OCF2)nCF2CH2-OH 

gyrfiigtiOT Of Charflgteriffticg 

[0209] Each of the magnetic discs obtained as desaO^ed above and according to Exanr^es 65 to 72 and Conrparative 
Example 21 was mounted on a magnetic recording/ireproducing apparatus to measure a maximum coefficient of static 
friction, a dynamic coefficient of friction and number of rounds at which a head crash took place. Results were shown 
in Table 24. 

1021 0] The maximum coefficient of static friction was measured such that the magnetic dsc was rotated at low speed 
in a state in which the head slider and the magnetk: disc were in contact with each other to measure frictional force pro- 
duced Immediately after the rotation. The measurement conditions were such that the pressing load of the head was 5 
g and the number of revolutions of the disc was 1 rpm. 

[021 1] The dynamic coeffici«Tt of friction was measured such that the head slider was continuously slkf 200,000 times 
in a state in which the head slider was in contact with the magnetic disc so as to measure generated maximum frictional 
force. Measurement conditions were such that the pressing load of the head was 5 g and the nurriber of revolutions was 
150 rpm. If head crash occurs after the disc was rotated 200,000 times or less, the maximum frkitional force produced 
until the head crash took place was measured. 

[0212J The head crash of the magnetic disc is a state in which the cartaon protective film which is the base of ttie lubri- 
cating f am is completely worn and ttie magnetic film is exploded outside. If the head crash occurs, visible slide scars 
are fonned. At this time, the experiment was interrupted and the number of rotations was recorded. Note that the max- 
invm number of rotations was 200.000 times. 



[Table 24] 





Lxbricant 


Maximum Coef- 
ficient of Static 
Friction 


Dynamic 
Coefficient 
of Friction 


Numt)erof 
Rotations 
when Crash 
Took Places 


Example 65 


Uquid Crystal Molecule 1 


0.20 


0.21 


>200k 


Example 66 


Liquid Crystal Molecule 2 


0.22 


0.23 


>200k 


Exanple 67 


Uquid Crystal Molecule 3 


0.23 


0.24 


>200k 


Example 68 


Liquid Crystal Molecule 4 


0.22 


0.22 


>200k 


Example 69 


Liquid Crystal Molecule 5 


0.19 


0.21 


>200k 


Example 70 


Liquid Crystal Molecule 6 


0.20 


0.21 


>200k 


Example 71 


Liquid Crystal Molecule 7 


0.21 


0.21 


>200k 


Example 72 


UqukJ Crystal Molecule 8 


0.21 


0.22 


>200k 


Comparative 
Example 21 


Ruorine Lubricant 


0.21 


0.21 


100k 
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[021 3] As can be understood from Table 24, the magnetic dfecs each Incorporating the liquid crystal molecules as the 
lii)ricant resulted in the maximum coefficient of static friction and dynamic coefficient of friction similar to those of the 
magnetic discs according to the comparative examples. Moreover, the number of rotations perfonned until the head 
crash took place was enlarged. Thus, a fact can be understood that use of the liquid crystal molecules as the lubricant 
enables excellent continuous sTding resistance, low viscosity and large meniscus force to be obtained. 

(Manufacturing of Coating-Type Magnetic Tape ) 
Example 73 

[0214] Initially, ferromagnetic powder, a binder, additives, a lubricant and solvent having the following conpositions 
were kneaded by an extnjder. and then dispersed for 6 hours by a sand mill. Thus, a magnetic coating material was 
prepared. 

IS (Composition of Magnetic Coating Material > 
10215] 



10 



20 



SO 



Fe Metal Ferromagnetic Powder (coercive force = 160 kA/m. amount of saturation magneti- 
zation a 145 AnAkg, specific surface area = 51 m^/g, length of major axis = 0.08 jim and 
needle ratio B 3) 

Polyvinyl Chloride Resin (MR-1 10 manufactured by Japanese Geon) 
Polyester Polyurettiane (MQ-130 manufactured by Toyo Spinning) 
Additive (AI2O3) 

Lubricant (the following liquid crystal molecule 27) 

Methylethylketone 

Cyclohexanone 



100 parts by weight 

14 parts by weight 
3 parts by weight 
5 parts by weight 
3 parts by weight 
150 parts tyyw^ght 
150 parts by weight 



3S 



40 



4S 



SO 




... liquid crystal molecule 27 
phase transition temperature: 294''C 



IO2I6J Then, 3 parts by weight of polyisocyanate were added to tfie obtained magnetic coating material. The coating 
material for making a magnetic layer was applied to ttie surface of pdyetiiylene terephthalate (hereinafter called "PET) 
having a thickness of 7 pm so as to have a thickness of 6.5 pm. A solenoid coa was operated to perform an orienting 
process* and then a drying process, a calender process and a hardening process were performed. Thus, a magnetic 
layer was fonned. Then, a back coating material having the following composition was applied to tiie smlace of ttie PET 
film opposite to the surface on which the magnetic layer was fonned. The PET fdm was cutto have a wWth of 8 mm so 
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as to be tape shape. As a resutt a coating type magnetic tape was manufactured. 

(Composttion of Back Coating Material ) 

[0217] 



Ombon Black (#50 manufactured by Asahi Cartx>n) 
Polyester Polyurethane (trade name: Nipporan N-2304) 
Methylethylketone 
Toluene 



100 parts by weght 
100 parts by waght 
500 parts by weight 
500 pans by weight 



Examples 74 tp 80 

[0218] A similar process to that according to Example 73 was perfomned except for the following liquid crystal mole- 
cules 28 to 34 employed as the lubricant in place of the liqukl crystal molecule 27 so that coating type magnetic tapes 
were manufactured. 



H 

liquid crystal mofccule 28 
phase transitiontemperatures: 191 and 229^C 




... liquid crystal molecule 29 
phase transitiontemperatures: S3^C and S4.5^C 




... liquid crystal molecule 30 
phase trans itiontemperature: 167®C 
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C5H11 




10 



IS 



20 



...liquid crystal molecule 31 
phase trans itiontemperatures: 192®C and 2I3^C 



HX 




... liquid crystal molecule 32 
phase trans Itiontemperatures: 17I^C and 193^C 



C3H7 




30 



... liquid crystal molecule 33 
phase transitiontemperatures: IIT^'C and 252''C 



40 



45 



SO 



... liquid crystal molecule 34 
phase transitiontemperatures:77.8^C, 101.4^C, 121.8''C 



Comparative Examolfl 22 

55 [0219] A process similar to that according to Example 73 was performed except for the lubricant which was stearic 
acid which was a usual lubricant employed In place of liquid crystal molecule 27 so that a coating type magnetic tape 
was manufactured. 
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ComparativB Example 23 

[0220] A process similar to that according to Example 73 was performed except for the iutxicant which was methyl 
stearate which was a usual tubricant empk^ed in place of liquid crystal molecule 27 so that a coating type magnetic 
5 tape was manufactured. 

Evafuation of Characteristics 

[0221] The magnetic tapes according to Examples 73 to 80 and Comparative Exanples 22 and 23 were measured. 
10 The coefftctent of friction and still durability were measured when the temperature was 25''C and the relative humidity 
was 60 %. the temperature was 40''C and the relative humidity was 80 % and the temperature was - 5^C. Results were 
shown in Tables 25 and 27. 

[0222] The coefTident of friction was measured by using a usual shuttle under a load of 20 g at a tape speed of 5 
mmfeecond. The value of the coefficient of friction was a value obtained after transporting the tape 100 times. In accord- 
is ance with change in the tension, calculations were performed by using an Euler's formula 

[0223] The still durability was evaluated by measuring time taken to attenuation of an output in a pause state to - 3 
dB. The longest measuring time was 150 minutes. 



20 [Table 25| 









Lubricant 


Conditions 


Coefficient of 
Friction 


Still Durability 
(Minutes) 




Coating-Type Tape 


Example 73 


Liquid Crystal Moleode 27 


25''C60% 


0.19 


>150 


25 








-S»C 


0.22 


>150 










40°C80% 


0.21 


>150 






Example 74 


Liquid Crystal Molecule 28 


25*'C60% 


0.19 


>150 


30 








-5«C 


0.21 


>150 










40«C80% 


0.20 


>150 






Exanple75 


Liquid Crystal Molecule 29 


25*'C60% 


0.18 


>150 










-5*C 


0.19 


>150 


3S 








4a'C80% 


0.18 


>150 






Example 76 


Liquid Crystal Molecule 30 


25''C60% 


0.17 


>150 










-5*C 


0.20 


>150 


40 








40»C80% 


0.18 


>150 



SO 
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[Table 26] 







Lubricant 


Conditions 


Coefficient of 
Friction 


Still DnrahitHv 
Willi i^uiomiiij 

(Minutes) 


Coating-Type Tape 


Example 77 


Liquid Crystal Molecule 31 


25^C60% 


0.17 


>150 








•5*»C 


0.19 


>150 








4(rC80% 


0.18 


>150 




Example 78 


Liquid Crystal Molecule 32 


25*»C60% 


0.20 


>150 








-5*C 


0.22 


>150 








4(r»C80% 


0.21, 


>150 




Example 79 


Liquid Crystal Molecule 33 


2S^C60% 


0.19 


>150 








-5»C 


0.21 


>150 








40«C80% 


0^ 


>150 




Example 80 


Liquid Crystal Molecule 34 


25-C60% 


0.17 


>150 








-S'^C 


0.19 


>150 








40*C80% 


0.18 


>150 



[Table 27] 







Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Still Durability (Min- 
utes) 


Coating -Type 
Tape 


Comparative 
Example 22 


Stearic Add 


25^0 60% 


0.22 


90 


-50c 


0.24 


10 


40*C80% 


0.22 


30 


Comparative 
Example 23 


Methyl Stearate 


2yC60% 


0.28 


120 


^oC 


0.33 


60 


40*C80% 


0.36 


90 



[0224] As can be understood from Tables 25 to 27, the coefficient of friction of each of the magnetic tapes containing 
liquid crystal molecules 27 to 34 each serving as the lutxicant was reduced and the still characteristic of the same was 
excellent as conrpared with the comparative examples containing the stearic add or methyl stearate which was the con* 
ventional lubricant Thus, employment of the lic^id crystal molecules as the lubricant enables excellent continuous slid- 
ing resistance and low viscosity to be obtained. 

(Manufacturing of Thin Metal-Magnetic-RIm Type Magnetic Tape) 

gxqmpl9 81 

[0225] Initially, the suriace of the PET film having a thickness of 10 pni was coated with Co-Ni alloy by a diagonal 
evaporation method so that a ferromagnetic thin metal film having a thickness of 100 nm was formed. Then, sputtering 
was performed so that a carbon protective film having a thickness of 1 0 nm was formed on the surface of the ferromag- 
netic thin metal f iini Then, fiquid crystal molecule 27 which was the lubricant was applied to the caitx)n protective film. 
The quantity of applied liquid aystal nrx)lecule 27 was 1 0 mg/m^. The PET films were cut to have the width of 8 mm so 
that tapes were manufactured. Thus, thin metal magnetic tapes were manufactured. 



94 



EP0927 992A1 

Examples 82 to 88 

[0226] A process similar to that according to Example 81 was performed except for liquid crystal molecules 28 to 34 
enployed as the lubricants in place of liquid crystal molecule 27 so that thin metal magnetic tapes were manufactured. 

Comparative Example 24 

[0227] A process sinrtilar to that according to Example 81 was performed except for stearic add which was a usual 
lubricant and which was employed in place of liquid crystal molecule 27 so that thin metal magnetic tapes were manu- 
factured. 

ComparativBExaiTOle2S 

[0228] A process similar to that according to Example 81 was performed except for methyl stearate which was a usual 
lubricant and which was employed in place of liquid crystal molecule 27 so that thin metal magnetic tapes were manu- 
factured. 

Evaluation of CharacterisKcs 

[0229] The magnetic tapes according to Examples 81 to 88 and Comparative Examples 24 and 25 were measured. 
The coefficient of friction and still durability were measured similar to Example 73 when the temperature was 25''C and 
the relative humidity was 60 %. the tenrperature was - 5*'C and the temperature was 40''C and the relative humidity was 
80 %. Results were shewn in Tables 28 to 30. 



[Table 28] 







Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Stilt Durability (Min- 
utes) 


Thin Rim Type 
Tape 


Example 81 


□quid Crystal Mol- 
ecule 27 


25*'C60% 


0.22 


>150 




-5*»C 


0.23 


>150 








40«C80% 


0.23 


>150 




Example 82 


Liquid Crystal Mol- 
ecule 28 


25"C 60% 


0.21 


>150 






-5»C 


0.24 


>150 








40«C60% 


0.23 


>150 




Example 83 


Liquid Crystal Mol- 
ecule 29 


25»C60% 


0.17 


>150 






-5°C 


0.21 


>150 








40*C80% 


0.19 


>150 




Example 84 


Liquid Crystal Mol- 
ecule 30 


25*C60% 


0.21 


>150 






-5*C 


0.23 


>150 








40«C80% 


0.22 


>150 
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[Table 29] 



s 






Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Still Durability (Min- 
utes) 




Thin Rim Type 
Tape 


Example 85 


Liquid Crystal Mol- 
ecule 31 


25"C60% 


0.22 


>150 






-5*C 


0.24 


>150 


10 








40*»C80% 


0.23 


>150 






Example 86 


Liquid Crystal Mol- 
ecule 32 


25X60% 


0.21 


>150 








-5»C 


0.23 


>150 










40«C80% 


0.23 


>1S0 


IS 




Example 87 


Liquid Crystal Mol- 
ecule 33 


25»C60% 


0.21 


>150 








-S'C 


0.23 


> 150 










40X80% 


0.23 


>150 


20 




Example 88 


Liquid Crystal Mol- 
ecule 34 


25X60% 


0.18 


>150 








-5«C 


0.20 


>150 










40X 80% 


0.19 


>150 



[Table 30] 







Lubricant 


Conditions 


Coefficient of Fric- 
tion 


Still Durability (Min- 
utes) 


Thin Film Type 
Tape 


Comparative 
Exanfpie24 


Stearic Add 


25X 60% 


0.22 


60 


•5X 


0.25 


5 


40X80% 


0.23 


10 


Comparative 
Example 25 


Methyl Stearate 


25X60% 


0.29 


100 


-5X 


0.35 


40 


40X80% 


0.38 


60 



[0230] As can be understood from Tables 28 to 30, the coefficient of friction of each of ttie magnetic tapes containing 
liquid crystal molecules 27 to 34 each serving as the lubricant was reduced and the still characteristic of the same was 
excellent as compared with ttie comparative examples containing ttie stearic add or methyl stearate which was the con- 
45 ventional lubricant Thus, employment of the liquid crystal molecules as ttie lubricant enables excellent continuous slid- 
ing resistance and low viscosity to be obtained. 

[0231] As can be understood from the results, an excellent lubricating effect can be obtained witti ttie coating type 
magnetic tape and the ttiin metal magnetic tape. The lut^ricating f Om may be formed by the containing mettiod employed 
for the coating type magnetic tape or the top coating mettiod employed for the ttiin metal magnetic tape to obtain excel- 
so lentcharacteristica 

(Manufacturing of Thin Metal-Magnetic-Rlm Type Magnetic Disc) 

ss 

[0232] Initially, sputtering was performed so ttiat a NIP base f Dm having a thickness of 1 0 Mm, a Cr intermediate layer 
having a ttiickness of 0.5 pm, a Co-Cr-Pt magnetic layer having a tiiickness of 60 nm and a carixn protective f Om having 
a ttiickness of 20 nm were sequentially formed on a mirror-polished surface of an aluminum alloy substrate and having 



96 



EP0927992A1 



a diameter of 3.5 inches. The roughness of the surface of the magnetic disc was 1.2 nm as average roughness (Ra) 
along the center line. 

[0233] Then» lubricant was pr^sared in which liquid crystal molecule 27 was dissolved in chloroform at a concentration 
of 0.01 wt%. The foregoing magnetic disc was dipped in the lut}ricant so that liquid crystal molecule 27 was applied to 
5 the siffface of the magnetic disc. The application was performed such that the duration in the lut>ricant was 1 80 seconds 
and raising speed from the lubricant was 0.25 mm/second. Then, the magnetic disc was dipped in pure chlorofonm so 
as to remove liquid crystal molecule 27 adhered excessively from the magnetic disc. Thus, a lubricating film having a 
total thickness of 2.5 nm (measured by an ellipsometer) arxJ a quantity of application was 10 mg/hfi? was formed. As a 
result a thin metal-magnetic-film type magnetic disc was manufactured. 

10 

Examples 90 to 9fi 

[0234] A process similar to that according Example 89 was performed except for liquid crystal molecules 28 to 34 
which were employed as the lubricants in place of liquid crystal molecule 27 so that thin metal-magnetic-film type mag- 
IS netic discs were manufactured. 

OonrorgtiYe ^rryl^Z^ 

[0235] A process sinvlar to that according Example 89 was peribrmed except for the following fluorine lubricant (hav- 
20 Ing a molecular weight of 4000) which was employed as the li^ricant In place of liquid crystal molecule 27 so that thin 
metal-magnetic-film type magnetic disc was manufactured. 

HO-CHgCFgCOCFaCF^mtOCFajnCFgCHg-OH 

25 jEvaiuatipn of Ch^mpterigtiffi 

[0236] Each of the magneticdiscs obtained as desaibed above and according to Examples 89 to 96 and Comparative 
Exanple 26 was mounted on a magnetic recording/reproducing apparatus to measure a maxinuim coefficient of static 
friction, a dynamic coeffident of friction and number of rounds at which a head crash took place. Results were shown 
30 In Tables 31 and 32. 

[0237] The maximum coefficient of static friction was measured such that the magnetic dsc was rotated at low ^>eed 
in a state in which the head sfider and the magnetic disc were in contact with each other to measure frictional force pro- 
duced immediately after ttie rotation. The measurement conditions were such that tiie pressing load of the head was 5 
g and the number of revolutions of the disc was 1 rpm. 

35 [0238] The dynarroc coefficient of friction was measured such that tie head slider was continuously slid 200.000 times 
in a state in which the head slider was in contact witti the magnetic disc so as to measure generated maximum frictional 
force. Measurement conditions were such that the pressing load of the head was 5 g and the number of revolutions was 
150 rpm. If head crash occurs after the disc was rotated 200,000 times or less, the maximum frictional fbrce produced 
until the head crash took place was measured. 

40 [0239] The head crash of the magnetic disc is a state in which the cari^on protective film which is the base of ttie lubri- 
cating film is completely worn and tiie magnetic film is exploded outside. If the head crash occurs, visible slide scats 
are fiomned. At this time, the experiment was intentqjted and the number of rotations was recorded. Note that the max- 
inum number of rotations was 200,000 times. 

45 



so 



65 
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[Table 31] 







Lubricant 


Maximum Coeffi- 
cient of Static 
Friction 


Dynamic Coeffi- 
cient of Friction 


Number of Rota- 
tions wtien Crash 
Took Places 


Thin Film Type 
Magnetic Disc 


Example 89 


Liquid Crystal 
Molecule 27 


0.21 


0.21 


>200k 


Example 90 


Liquid Crystal 
Molecule 28 


0.20 


0.22 


>200k 


Example 91 


Liquid Crystal 
Molecule 29 


0.21 


0.23 


>200k 


Example 92 


Liquid Crystal 
Molecule 30 


0.20 


0.21 


>200k 



Uabe 32] 







Lubricant 


Maximum Coeffi- 
cient of Static 
Friction 


Dynamic Coeff i* 
dent of Friction 


Number of Rota- 
tions when Crash 
Took Places 


Thin Film Type 
Magnetic Disc 


Example 93 


Liquid Crystal 
Molecule 31 


0.18 


0.19 


>200k 




Example 94 


Liquid Crystal 

Molecuie 32 


0.21 


0.22 


>200k 




Example 95 


Liquid Crystal 
Molecule 33 


0.20 


0.21 


>200k 




Example 96 


Liqukl Crystal 
Molecule 34 


0.22 


0.23 


>200k 




Comparative 
Example 26 


Ruorine Lubri- 
cant 


0.21 


0.21 


100k 



[0240] As can be understood from Tables 31 and 32. the magnetic discs each incorporating the liquid crystal mole- 
cules as the lubricant resulted in the maximum coefficient of static friction and dynamic coeffkaent of friction similar to 
those of the magnetic discs according to the comparative examples. Moreover, the number of rotations performed until 
the head crash took place was enlarged. Thus, a fact can be understood that use of the liquid crystal molecules as the 
lubricant enables excellent continuous sliding resistance, low viscosity and large mervscus force to be obtained. 

Clalnis 

1. A magnetic recording medium conrprising a non-magnetic support member on which at least a magnetic layer is 
formed, wherein a lubricant containing a monocyclic liquid crystal molecuie expressed by the following general for- 
mula (A) or general fbmiula (A^ is held in the outermost layer thereof: 

L— X^— R general formula (A) 

where is an atonvc group having a cyclic structure and each of L and R is any one of a cyano group, a nitro 
group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a carbonyl grotp. a 
cartMxyf group, an oxycarboxyl group, a halogen group, an alkyi group, an aryl group and a hydroxyimino group, or 
an aryl group, an alkyI group, an oxycaiboxyt group, a cartxsxyl groip. a caft)onyl group, an ether group, an amide 
group or an anruno group replaced by any one of the foregoing groups: 
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general formula (A*) 

where is an atomic group having a cydic structure and L is any one of a cyano group, a nitro group, an aldehyde 
grou^ a hydroxy group, an amino group, an amide group, an ether group, a cartwnyl group, a cartxwyl group, an 
oxycartx)xyl group, a halogen group, an aikyi group, an aryl group, a hydroxyimino group, or an aryl groups an alkyi 
grou;^ an oxycartx»yl group, a cartxixyl group, a cartx)nyl group, an ether groups an amide group or an amino 
group replaced by any one of the foregoing groij^s. 

2. A magnetic recorcfing medium according to claim 1 . wherein in general fonnuta (A) is selected from cyclic struc- 
tures 63q9ressed by the following general fonmila to (X^-18): 




... general formula (X^-1) 



where each of a^ and a^ is a cartx>n atom or a nitrogen atom and the bond constituting the ring is a single bond or 
a double bond; 




where a^ is hydrogen or a methyl group, a^ is hydrogen, a methyl group or a cyano group, each of a® and e? is an 
oxygen atom or a cartxm atom, a^ is an oxygen atom or the same may be omitted and a bond constituting the ring 
is a single bond or a double bond; 
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general formula 



IS 



... general formula (X^ -5) 



20 




general formula (X^-6) 



30 



3S 




general formula (X^-7) 



40 



4S 



SO 



ss 




... general formula (X^-8) 



where each of and a^^ i8 an oxygen atom or a sulfur atom; 
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general formula 



where each of a^^ and a^^ is an oxygen atom or a sulfur atom; 




general formula (X^-10) 



where each of a^^ a^^ a^^ and a^^ is an oxygen atom or a sulfur atom; 




general formula (X^-U) 



where a^® Is any one of a ttydrogen group, a tyomine group, a methyl group, an amino group and an alkytamino 
group; 
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general formula (X^-12) 



general formula (X^-13) 




general formula (X^* 14) 




N 



general formula (X ^- 15) 




general formula (X^-16) 




general formula (X^-17) 
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general formula (X^-18) 



3. A magnetic recording medium accorcfing to claim 1 , wherein in general tormula (A") is selected from cyclic struc- 
tures expressed tiy ttie following general formula (X^-l) or p(^-2): 



... general formula (X -1) 



> 

... general formula (X -2) 



4. A magnetic recording medium comprising a non-magnetic support member on wtiich at least a magnetic layer is 
formed, wherein a lutxicarrt containing a txcyclic liquid crystal molecule expressed by the following general formula 
(B) or general formula (B) is held in the outermost layer thereof: 

Lt-X— general tbrmula (B) 

where each of X and is an atomic group having a cyclic structure and L is any one of a cyano group, a nitro 
grouf^ an aldehyde group, a hydroxy groups an amino groip. an amide group, an ether group, a cartx)nyt group, a 
cartxsxyl group, an oxycarfoaxyl group, a halogen group, an alkyi group, an aryl group, a hydroxyimino group, or an 
aryl group, an alkyI group, an oxycartx)xyl groups a carboxyl group, a cait>onyf group, an ether group, an amide 
group or an amino group replaced tTy any one of the foregoing groups; 

— L-OC— y2— R general formula (B')< 

where each of X and Y^ fe an atomic group having a cyclic structure and each of L and R is any one of a cyano 
grou^ a nitro group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a car- 
bonyl group, a carboxyl groip. an oocycaibaxyl group, a halogen group, an alkyI group, an aryl groupi a hydroxyimino 





103 



EP0927992A1 



group, a an aryl groip. an alkyl group, an axycarboxyl group, a cart)oxyl groip, a cartx>nyl group, an ether group, 
an anvde groip or an amino group replaced by any one of the foregoing groips. 

5. A magnetic recording medium according to daim 4. wherein X in general tbnnula (B) or general formula [B) is a 
8ix-membered ring structure expressed by the following general fbmrtula (X-1) or a condensed ring structure 
expressed by the following general formula (X-2): ' 



where a^ is a carbon atom or a nitrogen atom, each of a^. a^. a^ and a^ is a caibon atom or an oxygen atom and 
the bond constituting the ring is a single bond or a double bond; 



where a^ is a cartx)n atom or an oxygen atom and a^ is a cartx>n atom or a nitrogen atom. 

6. A magnetic recording medium according to claim 4. wherein in general formula (B) is selected from cyclic struc- 
tures expressed by the following general formulas (Y-1) to (Y-6): 




... general formula (X-1) 




. ... general formula (X-2) 




... general formula (Y-1) 
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^ 

/ 



general formula (Y-2) 




... general formula (Y-3) 




general formula (Y-5) 



where is any one of O, SO and SOg; 




general formula (Y-4) 




N N ... general formula (Y-6) 



A magnetic recording medium according to daim 4, wherein in general (bmnula (B*) is selected from cyclic struc- 
tures expressed by general formulas (Y-7) to (Y-31): 



a 



10 *9 




a 



11 o12 



general formula (Y-7) 



where each of a^ a^^, a"* ^ and a^^ is a cartxm atom or a nitrogen atom and N oxide ms^ be formed in a case of the 
nitrogen atom; 
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general formula (Y-8) 



where arbitrary two atoms wtiich are induded in a^^. a^^, a^* and a^® and which are not adjacent to each other may 
be replaced by oxygen or sulfur atoms: 



18 VIZ- 




... general formula (Y-9) 



where at least either of a^^ or a^^ Is replaced by a nitrogen atom; 




general formula (Y-10) 



general formula (Y-1 1) 




general formula (Y-12) 



where each of a^®, a^^ and a^^ is a caibon atom or an oxygen atom; 




"a ...general formula (Y-13) 

where each of a^. a^ and a^* is a caibon atom or an oxygen atom; 
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general formula (Y-14) 



where each of a^^ a^^ and a^ is a carbon atom, a nitrogen atom or an ox/gen atom and the bond constituting the 
ring is a single bond a a double bond; 




general formula (Y-IS) 



where a^^ is any one of a cart>on atom, a nitrogen atom and a sulfur atom and each of a^ and a^ is a ca^ 
or a nitrogen atom; 
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N 



general formula (Y-16) 




general formula (Y-17) 




..general formula (Y*18) 




general formula (Y-19) 





... general formula (Y-20) 



ch of a^^ and a^^ is an oxygen atom or a sutfur atom; 
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... general formula (Y-21) 



is any one of a hydrogen atom, a methyl 8>'oup, a bromine atom or an allcytamino group: 





O ... general formula (Y-22) 




O ... general formula (Y*23) 




...general formula (Y-24) 



o 

N N general formula (Y-25) 
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30) 



... general formula (Y-31) 
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8. A magnetic recording medium comprising a non-magnetic support member on which at least a magnetic layer is 
formed, wherein a lubricant containing a bicydic liquid crystal molecule expressed by any one of the following gen- 
eral formulas (C). (C*) and (C") is held in the outermost layer thereof: 



... general formula (C) 

where Is an atomic group having a chain structure. is an atomic group having a cyclic structure and each of 
L and R is any one of a cyano group, a nitro group, an aldehyde group, a hydroxy group, an amino group, an amide 
group, an ether group, a carix)nyl group, a cartx)xyl group, an oxycaiboxyl group, a halogen group, an alkyi group, 
an aryl group and a hydroxyimino group, or an aryl group, an all^ groups an oxycarboxyl group, a caitx>xyl group, 
a caftx>nyl group, an ether group, an amide ^ip or an amino group replaced by any one of the foregoing groups; 



general formula (C) 



where Is an atomic group having a chain structure. is an atomic group having a cyclic structure and L is any 
one of a cyano group, a nitro group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether 
group, a cartx>nyf group, a cailxaxyl group, an Qxycart>0Kyl group, a halogen group, an alkyI group, an aryt group 
and a hydroxyimino group, or an aryl group, an alkyl group, an oxycartxsxyl group, a cartxxcyl group, a cartx>nyl 
group, an ether group, an amide group or an amino group replaced by any one of the foregoing groins; 



Y^— X^— Y* general formula (C") 

where X^ is an atomic group having a chain structure and each of Y^ and Y^ is an atomic group having a cydtc 
structure. 

9. A magnetic recording medium according to claim 8. wherein X^ in general formula (C), (C*) and (0*1 is selected 
from chain structures expressed by any one of the following general formulas p(^-1) to p(^-23): 



where nisi or 2; 



..,(X^-1) 




where nisi or 2; 
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5 




10 where nisi or 2; 



15 



20 




where n is 0. 1,2 or 3; 

25 

where is 0 or S and is any one of O. S, CH2. Se. Te and NH; 



40 




4S 



SO 



ss 
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where is H or CHs and is H or CHs: 

N ... (X^-9) 



N ...(X-*-10) 
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where is any one of H, a methyl group, an ethyl groip and CN ; 
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...(X''-22) 




.•.(X^-23) 



10. A magnetic recording medium according to daim 9. wherein in general fornujia (C) is selected from cyclic struc- 
tures expressed b/ the following general formulas (Y^-1) to (Y^-32): 




where each of a^, a^ a^° and a^^ is a csatxm atom or a nitrogen atom; 




where either of bonds constituting the ring may be a double bond; 
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(Y^-3) 



10 



IS 




20 




(Y^-5) 



2S 



30 




(Y^-6) 



35 



40 



45 




(y'-7) 



SO 



55 




..(Y*.8) 



where a^^ is an oxygen atom or a sutfur atom and a^^ and a^^ are a CBsbon atom and a nitrogen atom, respectively; 
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5 




where a^^ is a cart)on atom or a nitrogen atom; 



15 



20 



25 



30 




35 



40 



45 



SO 



65 
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5 



10 



15 



20 



2S 



30 




3S 



40 



45 



60 
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H ...(Y'-18) 
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0 ...(Y^-19) 




where each of a^^ and a^^ is any one of CH2, an oxygen atom or a sulfur atom; 




where the bond constituting the ring is a single k>ond or a 6oMe bond; 
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10 



IS 



20 



where a^^ is a methyl group or a cyano group: 



(Y^.23) 




(Y^-24) 



25 



30 




(Y^-25) 



35 



40 



45 



.(Y^-27) 



so 



65 
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...(Y*-28) 




...(Y*-29) 




.,.(Y^-30) 



where a^^ is any one of H, Br. CHS, NHR and NRR' and each of R arxJ R' is an organic functional group; 



.20 




.•.(Y^-31) 



where is an oxygen atom or a euffur atom; 
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O 




1 1 . A magnetic recorcfing medium according to daim 9. wherein in general formula (C) is selected from cycfic struc- 
tures expressed Ijy any one of the following general formulas (Y^-1) to (Y^-S): 




12. A magnetic recording medium according to claim 9, wherein or Y^ in general formula (C") is selected from cyclic 
structures expressed by any one of the following general formulas (Y^-1) to (Y^^-S): 
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13. A magnetic recording medium comprising a non-magnetic support member on which at least a magnetic layer is 
formed, wherein 

a lubricant containing a tricyclic liquid crystal nfK)lecule expressed by the following general formula (D) or gen- 
eral fbrmula (D) Is held in the outemiosk layer thereof: 

L— w— X*— general fbrmula (D) 

where each of W, X* and is an atomic group having a cyclic structure and L is any one of a cyano group, a 
nitro groi^. an aldehyde groups a hydroxy group, an amino group, an amide group, an ether group, a cart)onyl 
group, a cartx)xyl group, an oxycailxsxyl group, a halogen group, an alkyi group, an aryl group and a hydraxy- 
imino groip, or an aryl group, an alkyI group, an oxycarbaxyl group, a carboxyl groif). a carfoonyl group, an 
ether groupt an anvde group or an amino group replaced by any one of the foregoing groups: 

L-W— X*— Y«— « general formula (D*) 

where each of W. and is an atomic group having a cyclic structure and each of L and R is any one of a 
cyano group, a nitro group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether 
group, a cartx)nyl groip, a cart>oxyl group, an oxycarboxyl group, a halogen group, an alkyI group, an aryl group 
and a hydroxyimino group, or an aryl group, an atkyi group, an oxycarboxyl group, a carbioxyl group, a cartx)nyl 
group, an ether group, an amide group or an amino group replaced by any one of the foregoing groups. 

14. A magnetic recording medium acoorcfing to daim 13, wherein W in general fbrmula (D) or general fbnnula (D*) Is 
selected from cyclic structures expressed by the following general formulas (W-1) to (W*7): 
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general formula (W-1) 



where each of . a^. a^ and a^ is a caxbon atom or a nitrogen atom and the bond constituting the ring is a single 
bond or a double bond 




•..general formula (W-2) 



where a^ is an oxygen atom or a sulfur atom and each of a^ and a^ is a caibon atom or a nitrogen atom; 



general formula (W-3) 




genera! formula (W-4) 




general formula (W-5) 




... general formula (W-6) 
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... general formula (W-7) 



15. A magnetic recoding medium according to daim 13, wherein in general formula (D) or (D*) is selected from 
cyclic structures e)^essed by the following general fonnulas pc^-l) to pc^-23): 





gii— aio general formula (X"*- 1) 

where each of a", a^ a^° and a" is a carbon atom ora nitrogen atom; 



/ 




..general formula (X *2) 



where a^^ is a cartx)n atom or a nitrogen atom; 




a^^— a^s general formula (X^-3) 



where a" is any one of O, S, Se. Te or NH and each of a^^ and a^^ is a cartwn atom or a nitrogen atom; 



... general formula (X^-4) 




wherea^^isOorNH; 
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general formula (X^-5) 



where a^^ is an oxygen atom or a sulfur atom; 




general formula (X -6) 




19, 



... general formula (X^-7) 
wtiere each of a^® and is an oxygen atom or a sulfur atom and b}^ is a carbon atom or a boron atom; 

^ ... general formula (X*-8) 

where each of a^^ and a^ is a cartx>n atom or a nitrogen atom; 
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general formula 




general formula (X^-10) 




..general formula (X^-11) 



wherea^isCHaorO; 




...general formula (X*-12) 



where n 18 any one of 2. 3 and 4: 




general formula (X^-13) 



where a^^ is any one of O. S. NR and CHR (where R an alkyi group): 
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O — N ... general formula (X^- 14) 




... general formula (X^*1S) 




general formula (X^- 





^ ... general formula (X^- 17) 




general formula (X -18) 



XV- 



general formula (X -19) 
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... general formula (X^-20) 




... general formula (X^-21) 




general formula (X^-22) 




general formula (X^-23) 



16. A magnetic recording medium according to daim 13, wherein in general fornula (0) is selected from cyclic 
structures expressed by the following general fonmilas (Y^-1 ) to (Y^-5): 




27 «28 



...general formula (Y^-1) 



where each of a^^, a^^, a^^ and a^® is a cartoon atom or a nitrogen atom the bond constituting the ring is a single 
bond or a double bond; 
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... general formula (Y^-2) 




... general formula (Y^-3) 



-o- 



...general formula 




general formula (Y -5) 



17. A magnetic recording medium according to daim 13. wherein in general formula (D*) is selected from cyclic 
structures expressed by the following general formulas (Y^-l) to (Y^-32): 



»30^o29 



\.. i 




43t«a32 general formula (Y^- 1) 



where each of a^. a^°, a^^ and a^ Is a cartjon atom or a nitrogen atom: 




general formula (Y -2) 



where an arbitrary one of the bonds constituting the ring may be a double bond: 
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... general formula (Y^-3) 




... general formula (Y^-4) 



O 



., general formula (Y^-5) 



general formula (Y -6) 




0 ... general formula (Y^-7) 



a34_a3S general formula 



13 



is an oxygen atom or a sulfur atom and each of a^^ and a^ is a carbon atom or a nitrogen atom; 



133 



EP0927992A1 




134 



EPO 927992 A1 




...general formula (Y -11) 




general formula (Y -12) 




general formula (Y -13) 




general formula (Y -14) 
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... general formula (Y -15) 



... general formula (Y -16) 



... general formula (Y -17) 



...general formula (Y^-IS) 
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... general formula (Y -19) 
... general formula (Y -20) 



general formula (Y -21) 
where each of a^^ and a^ is any one of CH2, 0 and S : 



... general formula (Y -22) 
where the bond is a single bond or a double bond; 
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10 



general formula (Y^-23) 



15 




20 



general formula (Y^-24) 



so 



where a^ is a methyl group or a cyano group; 



30 



general formula (Y^-25) 



35 




... general formula (Y^-26) 



40 



45 




...general formula (Y^-27) 



65 
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general formula (Y -28) 




... general formula (Y -29) 




... general formula (Y -30) 



where a* is any one of H. Br. CH3. NH2. NHR and NRR'; 



\ //~\ / 



where a^^ is an oxygen atom or a sulfur atom; 



... general formula (Y -31) 
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O 



general formula (Y -32) 



18. A magnetic recording medium according to any one of claims 1 to 1 7, wherein said lubricant is applied to the sur- 
face of said magnetic layer or added to the inside portion of said magnetic layer. 

1 9. A magnetic recording medium according to any one of claims 1 to 1 7, wherein said magnetic layer is a thin metal 
magnetic f flm. a protective film is fbmied on said thin metal magnetic film, and 

said lubricant is applied to the surfece of said protective film. 

20. A magnetic recording medium according to any one of claims 1 to 1 7, wherein 

a backcoat layer is formed on the surface of said non-magnetic support member opposite to the surfece on 
which said magnetic layer is formed, and 

said lubricant is appfied to the surfece of said backcoat layer or added to the inside portion of said backcoat 
layer. 

21. A magnetic recording medium according to any one of claims 1 to 17, wherein a non-magnetic layer is formed 
between said non-magnetic support member and sakJ magnetic layer, and 

said lutNlcant is added to the inside portion of said non-magnetic layer. 

22. A magnetic recording/reproducing apparatus comprising a magnetic recording medium on which information is 
recorded and a magn^ic head tor recording and/or reproducing infbrmation to and from said magn^c recording 
medium and having a structure that a minimum distance between a geometric average surfece of the surfeioe of 
said magnetic recording medium and that of said magnetic head is 50 nm or smaller, wherein 

said magnetic recording medium has an outermost layer disposed opposite to said magnetic head and holding 
a lubricant which contains a monocyclic liquid crystal molecule expressed by the following general formula (A) 
or general fomiuta (A*): 

L— X^— general formula {A^ 

where is an atomic group having a cyclic structure and each of L and R is any one of a cyano group, a nitro 
groui:^ an akiehyde group, a hydroxy group, an amino group, an amide group, an ether group, a carbonyl group, 
a carboxyl group, an oxycartxixyl groups a halogen group, an alkyl group, an aryl group and a hydroxyimino 
group, or an aryl group, an alkyi group, an oxycartjoxyl group, a cartxayl group, a carbonyl group, an ether 
group, an amide group or an amino group replaced by any one of the foregoing groups; 

general formula (A7 

where fe an atomic group having a cyclic structure and L is any one of a cyano group, a nitro group, an alde- 
hyde group, a hydroxy group, an amino group, an amide group, an ether group, a cart)onyl group, a carboxyl 
group, an oxycarboxyl group, a halogen group, an alkyl group, an aryl group, a hydroxyimino group, or an aryl 
groufx an alkyl group, an oxycarboxyl group, a carboxyl group, a carbonyl group, an ether groups an amide 
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group or an airtno group replaced by any one of the foregoing groups. 



23. A magnetic recording/ireprodudng apparatus comprising a magnetic recording medium on which information is 
recorded and a magnetic head for recording and/br reprodudng information to and from said magnetic recording 
medium and having a structure that a minimum cfistance t)etween a geometric average surface of the surfece of 
said magnetic recording medium and thai of said magnetic head is 50 nm or smaller, wherein 

said nriagnetic recording medium has an outermost layer disposed opposite to said magnetic head and holding 
a lubricant whidi contains a bicydic liquid aystal molecule expressed by the following general fbrniula (B) or 
general formula (B*): 



L-X— 



general formula (B) 



where each of X and »8 an atomic group having a cydic structure and Lis any one of a cyano group, a nit^ 
group, an aldehyde group, a hydroxy group, an amino group, an amide group, an ether group, a carbonyl group, 
a carboxyl group, an oxycartxayl group, a halogen group, an alkyi groifl), an aryl group, a hydroxyimino group! 
or an aryl group, an alkyl group, an axycarboxyl group, a carboxyl group, a carbonyl groups an ether group, an 
anude group or an amino group replaced by any one of the foregoing groups; 



general formula (B*) 



where each of X and y2 is an atomic group having a cydic structure and each of L an^ 
group, a nitro group, an aldehyde grotp. a hydroxy group, an amino groip, an amide groupt an ether groups a 
carbonyl group, a carboxyl group, an oxycarboxyl group, a halogen groups an alkyl groi^). an aryl group, a 
hydroxyimino group, or an aryl groiflD. an alkyl group, an oxycarboxyl group, a carboxyl group, a carbonyl group, 
an ether group, an anvde group or an amino group replaced by any one of the foregoing groips. 

24. A magnetic reoording/^^odudng apparatus comprising a magnetic recording mediimi on which information is 
recorded and a magnetic head for recording and/or reprodudng infonnation to and from said magnetic recording 
medium and having a structure that a minimum distance between a geometric average surface of the surfece of 
said magnetic recording medium and that of said magnetic head Is 50 nm or smaller, wherein 

sakl nragnetic recording medium has an outermost layer disposed opposite to said magnetic head and holding 
a lubricant whfch contains a bicydic liquid aystal molecule expressed by any one of the following general for- 
mulas (C). (CO and (C"): 



^ R 

... general formula (C) 

where X** Is an atomic groip having a cyclfc structure. Y^ is an atomic groip having a cyclic structure, and each 
of L and R is any one of a cyano group, a nitro group, an aldehyde group, a hydroxy groupi an amino group, an 
amide group, an ether group, a cartxxiyl group, a cartxwyl group, an oxycarboxyl group, a halogen group, an 
alkyl groip. an aryl group, a hydroxyimino groups or an aryl group, an all^ group, an oxycartxjxyl group, a car- 
boxyl group, a carbonyl group, an ether groip. an amide group or an amino group replaced by any one of the 
foregoing groups; 





... general formula (C) 
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where X Is an atomic groip having a cyclic structure. is an atomic group having a cydic structure, and L is 
any one of a cyano group, a nitro group, an aWehyde group, a hydroxy group, an amino groif), an amide group, 
an ether group, a caiixjnyl groups a cartx>xyt group, an oxycartxsxyl group, a halogen groups an alKyl group, an 
aryl group, a hydroxyimino grotp, or an aryl groups an alkyt group, an oxycartxttyl group, a cartx)xyt group, a 
cartx>nyt group, an ether groip. an amide groMp or an amino group replaced by any one of the foregoing 
groups; 

y3_x3_y^ gene^ fbmfiula (CT 

where is an atomic group having a cycfic structure and each of and is an atomic groip having a cyclic 
structure. 

25. A magnetic recording/reproducing apparatus comprising a magnetic recording medium on which information is 
recorded and a magn^c head for reoorcfing and/or reproducing information to and from said magnetic recofding 
medium and having a structure that a minimum distance between a geometric average surface of the surfeoe of 
said magnetic recording medium and that of said magnetic head is 50 nm or smaller, wherein 

said nriagnetic recording medium has an outernrx)st layer disposed opposite to said magnetic head and holding 
a lubricant which contains a tricyclic liquid crystal molecule expressed by the following general fonnulas (D) or 
general formula (D*): 

L_w-^— y5 general formula (D) 

where each of W. X* and Y^ is an atomic group having a cyclic structure and L is any one of a cyano group, a 
nitro group, an aldehyde group, a hydroxy group, an amino group, an amide groi^p. an ether group, a carbonyl 
grouj^ a caiboxyl group, an oxycarboxyl group, a halogen groupi an alkyi gnxq). an aryl group, a hydroxyimino 
groups or an aryl group, an alM ffoup, an oxycarboxyl group, a carboxyl group, a carbonyl group, an ether 
grouf^ an amide group or an amino group replaced by any one of the foregoing groups; 

L-W-^-V«-R general tbmiula (D*) 

where each off W. X* and Y« is an atomic group having a cydic structure and each of L ^ 
cyano group, a nitro group, an aldehyde group, a hydroxy groif). an amino group, an amide groip. an ether 
grouft a carbonyl group, a carboxyl group, an oxycaitxjxyl group, a halogen group, an alkyI group, an aryl 
group, a hydroxyimino group, or an aryl group, an alkyI group, an oxycarboxyl group, a carbo)^ groip, a cart>- 
onyl group, an ether group, an amide group or an amino group replaced by any one of the foregoing groups. 
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